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ABSTRACT
Roots of Jewel sweet potato cultivar were cured at 
32°c, 80-90% RH for 10 days and stored at 13-16°C with the 
same RH. Subjective and objective analyses were performed 
to determine optimum condition for sweet potato chip 
development. Frying temperatures of 143, 149, 155, and
160"C; slice thicknesses of 1.0, 1.5, 2.0, and 2.5 mm; and 
four oil types, corn, cottonseed, peanut, and soybean, were 
studied. The results indicated that a frying temperature 
of 155 to 160°C in soybean oil with a slice thickness of 
1.5 mm were best.
Sweet potato roots of the Centennial cultivar were 
subjected to pre- and post-frying treatments for improving 
color and reducing oil content of the chips after frying. 
Roots were cured and stored at the 32°C temperature and 80- 
90% RH. A frying temperature of 155°C in soybean oil and a 
slice thickness of 1.5 mm were used. Pre-frying treatments 
that were evaluated were: dehydration at 110°C for 0, 10,
15, 20, 25, and 30 min; Sodium Acid Pyro Phosphate (SAPP) 
blanching at 95°C for 1 min with concentrations of 0.00, 
0.25, 0.50, 0.75, 1.00, 1.25, and 1.50%; and coating with 
Methocel. A post-frying treatment of microwaving in 
combination with blanching was also tested. The results 
indicated that good quality chips were produced when raw 
slices were blanched with 0.5% SAPP and partially
xii
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dehydrated at 110°C before frying. A superior chip was 
also obtained by blanching in 0.5% SAPP, followed by a 2.5 
lain deep fat fry and a 2.0 min post-frying dehydration in a 
microwave.
Four sweet potato cultivars (Centennial, Jewel, L-81- 
10, and L-80-62) with different storage times (fresh, 
cured, and stored for 2, 4, 6, and 8 months) were used to 
determine the effects of cultivar and storage on color and 
oil content of the chips after frying. Chips prepare right 
at harvest time yielded the best subjective color ratings 
of all cultivars. The L-80-62 cultivar had the most 
preferred bright yellow-orange color followed by 
Centennial, L-81-10, and Jewel. Beta-carotene levels of 
the chips made from Centennial were higher than those of L- 
81-10, L-80-62, and Jewel, respectively. The major sugars 
in all cultivars were sucrose, fructose, and glucose; the 
higher the amount of reducing sugars, the darker the chips 
appeared. Percent moisture in chips after frying varied 
between 1-2%. The lowest percent moisture (<1%) was found 
when chips were made from Centennial after 2 months 
storage. At 4 months storage, L-81-10 produced chips with 
the lowest fat content (36.21% DB) after frying while Jewel 
contained the highest fat content (48.24% DB).
xiii
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INTRODUCTION
SWEET POTATOES, [Ipomoea batatas (L.) Lam.] are one of 
the most nutritious horticultural crops being a good source 
of carotenoids, ascorbic acid, and carbohydrates. 
(Sistrunk et al., 1954; Hollinger, 1944; MacNair, 1956). 
Of the carotenoids in sweet potatoes, 90% is B-carotene 
(vitamin A precursor) and the remaining 10% is provitamin A 
carotenoid (Ezell and Wilcox, 1952; Purcell, 1962). From a 
nutritional standpoint, the sweet potato has certain 
advantages over the Irish potato.
Several techniques have been tried to produce high 
quality sweet potato chips (Sistrunk and Miller, 1954; 
Brunstetter, 1936; Burton, 1957; Hoover and Miller, 1973; 
Olorunda and Kitson, 1977; and Hannigan 1979). There are 
two main problems encountered in the production of a high 
quality sweet potato chip: (1) discoloration and (2) high
oil uptake during deep-fat frying. Discoloration during 
processing arises from two different sources: (1) the
reaction of bivalent iron with o-dihydroxyphenol (Hoover, 
19 63); and (2) non-enzymatic browning (the Maillard 
reaction) which results from reducing sugars condensing 
with amino groups (Sparks, 1969; Hodge, 1967). The degree 
of darkening in processed sweet potato products varies 
greatly among varieties and with pre- and post-harvest 
environmental conditions (Hoover and Mason, 1961; Walter 
and Hoover 1984; Olorunda and Kitson, 1977; Picha, 1985b;
1
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Walter and Hoover, 1986)»
The problems of discoloration and high oil uptake can 
be solved. The objective of this research was to develop 
processing techniques for producing high quality sweet 
potato chips which could be adapted to commercial 
production. The research was divided into 3 parts: (l)
determining optimum conditions for frying sweet potato 
chips; (2) Pre- and post-frying treatments for improving 
color and reducing oil content of sweet potato chips; and 
(3) evaluating cultivars and storage times for sweet potato 
chip processing.
If the result of this study could be successfully 
adapted by the potato chip industries, it might reverse the 
current decline in the consumption of sweet potatoes. 
Therefore, a sweet potato chip industry could become 
economically expanded for the sweet potato growing parts of 
the country, especially Louisiana.
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LITERATURE REVIEW
Beta-carotene is a aliphatic alicyclic fat-soluble
compound (Gordon and Bauernfeind, 1983). It is an 
important component nutritionally (vitamin A precurcor) in 
the sweet potato, as well as imparting a pleasant light
yellow to orange color. Of the carotenoids in sweet
potato, 90% is B-carotene and the remaining 10% is 
provitamin A carotenoid (Ezell and Wilcox, 1952; Purcell, 
1962). The carotenoid pigment content has been used as an 
index of color in orange vegetables (Francis and
Clydesdale, 1975).
In the United States, B-carotene has been recommended 
instead of FD&C Yellow No.5 for producing a bright yellow 
color. Beta-carotene has vitamin A activity equivalent to 
1667 IU of vitamin A per milligram (Emodi, Johnson and Mix, 
1980).
The minimum vitamin A requirements of an adult male is 
5,000 IU of activity (National Research Council, 1974). 
This is equivalent to 0.273 mg of pure B-carotene. 
Baiernfeind (1972) indicated that not all B-carotene or 
other active carotenoids ingested are efficiently used. As 
carotenoid intake increases, efficiency of use decreases. 
Therefore, for efficient conversion, at low levels of 
intake at least 3 times the above amount of B-carotene is 
necessary and up to 8 times this amount of carotene is 
suggested.
3
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It is unusual to find a food which supplies all of the 
minimum daily requirement of any nutrient. Orange-fleshed 
sweet potatoes have more than enough vitamin A activity 
(per 100 gm) for normal human use. Very strong orange 
color (high 6-carotene content) is a principal 
characteristic in judging sweet potato quality (University 
of Georgia, 1980). Consumption of a 150 gm serving 
provides several times more vitamin A than the recommended 
daily allowance; for example, the dry-fleshed Jersey 
variety, Orange Little Stem, contains about 12,500 unit 
(Adams, 1975).
Ezell and Wilcox (1952) determined the relationship 
between pigment contents and storage temperature of sweet 
potatoes. They concluded that carotene and total 
carotenoid pigments were maximum at harvest time. Other 
results by Ezell et al. (1952) indicated that the varieties 
required different numbers of days to obtain maximum 
carotene contents, i.e. Yellow Jersey required about 100 
days, whereas the other three varieties (Nancy Hall, Porto 
Rico, and Orange Little Stem) required 130 to 140 days. 
Ezell and Wilcox (1946) found that the ratio of carotene to 
total pigment in sweet potato roots increased with an 
increase in the intensity of yellow color.
There has been an interest in color measurement of 
orange vegetables because the orange color in these 
vegetables is related to their content of 6-carotene, a 
precursor of vitamin A. The color of sweet potato
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contributes greatly to its acceptance as a food product 
(Francis and Clydesdale, 1975).
Color may be expressed by many systems; however, the 
Hunter color difference meter has proven effective in 
evaluating the color of many products. The readings are 
expressed in term of "Rd" or "L" (lightness), ”a”
(redness), and “b” (yellowness) (Judd, 1952; Younkin, 
1950).
Ezell and co-workers (1952a; 1952b) studied the
relationship between color and pigment content of sweet 
potatoes. The results showed that there are highly 
significant correlations between the total carotenoid 
content of sweet potatoes and the Hunter color values. 
However, the correlations are far from perfect because the 
roots that varied widely in carotenoid content gave higher 
correlation while roots that varied very little in 
carotenoid content failed to showed a significant 
correlation with color. This phenomenon might be due to 
several factors; moisture content, texture composition, 
and pithiness, or the uneven reflection of the color 
reading caused by the different carotenoid contents at the 
cut surface of the roots. To remedy this sampling problem, 
they suggested measuring the color of a single cut surface 
per root at the point of greatest diameter, and measuring 
more roots rather than measuring multiple surface of the 
same root. They also concluded that a simple "a/b" 
variable would serve as well as multiple correlation of
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6"Rd", "a", and "b",
Hernandez et al. (1965) studied the color reading and 
pigment relationship. They reported that a correlation for 
the Gardner "L" value and total carotenoids was -0.863. 
They also indicated that the correlation between visual 
color ratings and Gardner "L" and "aL" were -0.89 and 0.91 
respectively. They concluded that Gardner aL was a good 
indication of visual color.
Ahmed and Scott (1962) reported that the Hunter "a" 
value was the best suited and a rapid method for evaluating 
carotenoid content in raw and canned sweet potato. Lauber 
et al. (1967) confirmed the findings of Ahmed and Scott 
(1962) and pointed out that the uncontrolled error obtained 
in carotenoid analysis was not from the color measurement 
itself. Their observations were based on a coefficient of 
variation of 1.5 and 2.5% of "Rd" and "a", respectively, 
and 18.9 for the carotenoid analysis. This indicated that 
color measurements could be performed more precisely than 
the chemical analysis.
Hoover and Mason (1961) used a Tristimulus Colorimeter 
to evaluate the carotenoid content and a series of blends 
of sweet potato purees. The 6-carotene content correlated 
very well with "a" and "b" values (correlation coefficient 
was 0.942), but the correlation with the "Rd" was not 
significant. This is in contrast to the results with the 
raw roots. A similar set of correlations was obtained for 
subjective color ratings and Hunter "a" and "b" values
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(correlation coefficient was 0.894). Again the "Rd" value 
contributed little.
Hoover and Mason (1961) obtained higher correlations 
for Tristimulus values versus carotenoid content than they 
did for tristimulus values versus subjective color ratings. 
They indicated that this was due to the fact that some 
varieties of sweet potato puree darkened faster than 
others. The discoloration that occurred tended to mask the 
color of carotene. The visual panelists tended to value 
brightness of color and lack of discoloration as well as 
the depth or intensity of color as very important 
attributes. Some of the puree samples that were very high 
in B-carotene were rather dark, lacking luster or 
brightness and were given a lower score. In contrast, some 
of the samples that were relatively low in B-carotene, but 
possessed a bright yellow to yellow-orange color, received 
high scores.
Purcell and Walter (1968) studied carotenoid content 
of the Centennial variety which is a common variety and 
grown mainly in the southeastern U.S., including Louisiana. 
The major pigment is B-carotene (86%), while phytoene 
(2.6%), phytofluene (2.0%), zeta-carotene (1.8%), 
cryptoxanthin 5,8-epoxide (1.1%), alpha-carotene 5'-6'- 
epoxide (1.0%), gamma-carotene (0.8%) were also present. 
Another common variety of sweet potato, Goldrush, contains 
mainly alpha-carotene and alpha-carotene derivatives 
(Purcell, 1962).
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The carotenoid pigments of 14 white fleshed sweet 
potato (color varies from white to cream, light yellow or 
light orange) consisted of phytofluene, o-carotene, neuro- 
sporene, and B-zeacarotene. These are precursors of B- 
carotene, the principal carotenoid of orange-fleshed sweet 
potatoes. The green color of cooked sweet potatoes was 
associated with an epoxide of the above carotenoids that 
has a blue color in acidic solution. Yellow flesh is 
milder in flavor than that of orange flesh. However, it is 
still provides adequate amount of provitamin A (Martin, 
1983).
Martin (1983) indicated that cooking almost always 
intensified the color. The cooked root may be white, gray, 
greenish, yellowish, yellow, or orange in color. Usually 
in the tropics people prefer white-fleshed sweet potatoes 
as food because they dislike a carrot-like flavor found in 
the yellow or orange varieties.
Picha (1985b) studied crude protein and mineral 
content of orange-flesh cultivars (Centennial, Jasper, 
Jewel, Travis) and white-flesh cultivars (Rojo Blanco, 
whitestar) and the carotenoid content of the four orange- 
flesh cultivars. The results, based on 100 g fresh weight, 
showed that crude protein ranged from 1.36 to 2.13 g 
phosphorus from 38 to 64 mg, potassium from 245 to 403 mg, 
calcium from 20 to 41 mg, magnesium from 13 to 22 mg and 
total carotenoids from 5 to 11.5 mg. The Centennial 
cultivar contained the most protein, phosphorus, magnesium
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and carotenoid of all cultivars.
Burton (1957) also found that pre-heating the roots 
would increase the total pigment content of the sweet 
potato chips. Total pigment content of the chips was 
affected by different frying oil types. It was found that 
total pigment of the sliced roots was reduced by about 27% 
during the frying process, when cotton-seed oil was used as 
frying oil.
A number of problems have been encountered in the 
production of a high quality sweet potato chips. The two 
main problems encountered were discoloration and high oil 
content after deep fat frying.
Enzymatic Browning
This type of browning occurs in many fruits and
vegetables, such as potatoes, sweet potatoes, apples, 
bananas, when the tissues is bruised, cut, peeled, diseased 
or exposed to any number of abnormal conditions. If the 
injured tissue is exposed to air, phenolic compounds are 
converted to brown melanins. In sweet potatoes, the
browning occurs primarily in the cambial area located about 
1/8 inch beneath the surface of the skin. Thus, in sweet 
potatoes, browning can be prevented by peeling deeply
enough to remove the cambial area or by effecting heat
penetration to destroy phenolase enzymes (Woodroof, 1975).
L-tyrosine is the most abundant phenolic compound in 
potato tubers (Schwimmer and Burr, 1967) and its 
concentration determines the rate of enzymic browning
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(Mapson et al., 1963). L-tyrosine, being a monophenol, is 
attacked by phenolase (with cresolase reaction) to produce 
a diphenol. This is followed by removal of hydrogen by 
catecholase activity to form a red compound, dopachrome. 
Dopachrome subsequently undergoes polymerization to form 
brown melanin (Eskin et al., 1971).
Catechol, being an o-diphenol, is attacked by 
phenolase (in catecholase reaction) to form hydroxy- 
quinones. Hydroxy-quinones undergo polymerization and are 
converted to red and red-brown polymers, and finally to the 
brown melanins (Eskin et al., 1971). Catechol is found 
abundantly in potatoes and sweet potatoes (Hyodo and 
Uritani, 1965).
A major problem in the processing of sweet potato
products is a discoloration that masks the natural orange 
color, resulting in a gray or greenish-orange color. The 
degree of darkening in processed sweet potato products
varies greatly among the varieties. In addition, other
factors, such as pre-harvest and post-harvest environmental 
conditions, contribute to darkening (Hoover M.W. and Mason 
D.D, 1961; Woodroof et al., 1955).
Discoloration of sweet potatoes during processing 
arises from two different sources. The first of these is 
the reaction of bivalent iron in the sweet potato with o- 
dihydroxyphenol to produce a light-colored substance. 
Then, when the cooked tissue is exposed to air, oxidation 
causes the formation of a dark-colored ferric compound
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(Hoover, 1963). Bate-Smith et al. (1958) reported that 
chlorogenic acid plays a major role in the after-cooking 
blackening sometimes observed in white potatoes. On 
standing, parts of the cooked tuber flesh turns a gray- 
black color. This is thought to be due to the oxidation of 
complexes formed between iron and caffeic and chlorogenic 
acids. Phenolic compounds, such as chlorogenic acid, have 
also been found in sweet potatoes (Arthur and McLemore, 
1956; Rudkin and Nelson, 1947).
Porter et al. (1976) indicated that the discoloration 
of chilled sweet potato roots was due to increased pH and 
chlorogenic acid content resulting from chilling injury. 
It was not thought to be due to an increase of peroxidase 
or chlorogenic acid oxidase.
The second type of discoloration is non-enzymatic 
browning, the Maillard reaction, which results from 
reducing sugars condensing with amino groups (Sparks, 1969; 
Hodge, 1967) . The rate of this reaction is increased at 
the high temperatures attained during oil frying.
Burton (1957) indicated that the higher the pre­
heating temperature of the roots, the higher the reducing 
sugar and total sugar contents of the chips. Consequently, 
this results in increased browning. He also reported that 
preheating the roots in a 175°F water bath for 30 min was 
desirable for good chip quality.
Irish potatoes are considered unsuitable for producing 
a good color chip if they contain more than 0.5% reducing
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sugar. Sweet potatoes usually consist of more than 2% 
reducing sugar associate with sucrose and maltose, which 
produces a dark brown color after deep-fat frying at high 
temperature (Hoover and Harmon, 1967).
In general, color, flavor, and texture are affected by 
post-harvest handling and pre-processing treatments. 
Usually, upon baking, cured and stored sweet potatoes are 
more flavorful than freshly harvested roots. This is due 
to an increase in sugars and other undefined flavor 
compounds (Hamann et al., 1980). In blanching or water 
extraction to remove sugars to prevent browning, it is. 
likely that some of the flavor component will also be 
extracted. Post-harvest handling of the roots is 
predominantly related to the texture of sweet potato 
products. This phenomenon was shown by Rao et al. (1975) 
who found that as length of root storage increased the 
viscosity of a mash made from the baked roots decreased. 
Walter and Hoover (1986) showed that Jewel and Centennial 
cultivars could produce high quality sweet potato products 
(such as French-fries). Their sensory data indicated that 
the most consistent product was prepared from cured roots 
stored no more than 24 wks after harvesting.
Picha (1985b) recommended a temperature of 15.6°C for 
the commercial storage of sweet potatoes. Storage at 
2 6.60 C resulted in increased weight loss, sprout 
initiation, and internal pithiness, while 7°C storage 
resulted in chilling injury, increased decay and reduced
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
13
shelf-life of the roots.
Post harvest handling and pre-processing conditions 
have effects on the composition and the qualities of sweet 
potato products (Walter and Hoover, 1984; Olorunda and 
Kitson, 1977; Walter and Hoover, 1986). Post harvest 
handling includes curing and storage conditions. Pre­
processing conditions refers to any preparations or 
treatments which yield high quality sweet potato products. 
Walter and Hoover (1984) indicated that at harvest, sweet 
potatoes contain less than 0.1% reducing sugar (glucose and 
fructose). The reducing sugar content gradually increases 
during storage of cured roots up to 6 months and can reach 
more than 2%. As length of storage increases, starch 
content decreases and sugar levels increase due to root 
metabolic activity. During storage of two cultivars, Jewel 
increased in glucose and fructose content more rapidly than 
Centennial. Sucrose levels in Centennial increased during 
storage more than in Jewel; no maltose was detected in the 
raw roots.
Storage duration has an effect on sugar content and 
chip color of sweet potatoes. Chips made from Centennial 
and Jewel were attractively bright orange in appearance, 
contained the lowest amount of sugars and produced the 
lightest color chips at the day of harvest. Chip color was 
darker in both cultivars after the roots were cured. The 
Jewel cultivar produced orange-brown colored chips from 
roots after curing until 44 wks of storage. Centennial
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produced gradually darkened chips over the first 12 wks, 
after which no further darkening was apparent. Storage of 
roots at 32°, 15.66, or 7°C after harvesting resulted in 
increased sucrose, glucose, and fructose concentrations and 
darker chips (Picha, 1986b).
Irish potatoes that have been stored at lower 
temperatures (below 5°C) contain large amounts of reducing 
sugar. The content of reducing sugars can be lowered by 
reconditioning at high temperature (20°C) storage for 
several weeks to produce light chips (Yamaguchi, 1959; 
Hawkins et al., 1958; Paez and Hultin, 1970). However, 
this phenomenon does not exist in sweet potatoes, which are 
susceptible to chilling injury and subject to abnormal 
metabolism when stored below 12°C (Picha, 1984). Therefore 
manipulation of storage temperature, two weeks at low 
temperature (7°C) followed by 2 wks at high temperature 
(32°C), or vice versa was not successful in lowering the 
sugar content (Picha, 1986b).
Sweet potatoes contain large amounts of starch which 
is largely converted during baking into maltose and 
dextrins (Ali and Jones, 1967) . The production of maltose 
during baking by starch conversion is partly due to 6- 
amylase in the roots (Balls et al., 1948). Dextrins, as 
well as maltose, are produced from starch during baking of 
sweet potatoes. Walter et al (1975) concluded that &- 
amylase levels control conversion of starch into maltose 
during baking. They indicated that the percent of starch
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converted to dextrins by baking, was lowest at harvest and 
increased sharply during storage.
High performance liquid chromatography (HPLC) 
indicated that the most abundant sugar in raw roots of six 
cultivars (Centennial, Jasper, Travis, Jewel, Whitestar, 
and Rojo bianco) was sucrose, followed by glucose and 
fructose. However, in baked roots (by conventional oven or 
microwave oven) maltose was found to be the most abundant 
sugar in all cultivars followed by sucrose, glucose and 
fructose (Picha, 1985a).
Picha (1986a) studied sugar concentrations in baked 
roots of six sweet potato cultivars after different lengths 
of storage. He reported that maltose was the major sugar 
and sucrose the secondary sugar in all cultivars at 
harvest. Maltose in baked roots decreased after curing 
(32 °C, 90% RH for 10 days) and after the first 4 wks of 
storage (15.6°C, 90% RH). The amounts of sucrose, glucose, 
and fructose increased. Thus the decline of maltose may 
have been due to a 6-amylase inhibitor or to less available 
substrate (starch). The maltose in the baked roots is due 
to the activity of o(- and 6-amylases which hydrolyze the 
gelatinized starch at 68-73°C (Walter et al., 1976). 
Alpha-amylase hydrolyzes starch by an endo process into 
dextrins (Ikemiya and Deobald, 1966; Walter et al., 1975). 
Beta-amylase hydrolyzes starch and starch fragments into 
maltose (Balls et al., 1948; Walter et al., 1975).
Cooking caused a decrease in starch content and
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
1 6
formation of maltose in Jewel and Centennial cultivars 
which was due to heat-mediated enzymatic conversion of the 
starch. The percentage of starch converted during cooking 
was dependent upon the specific cultivar (Walter et al., 
1975). It was shown that ©6-amylase activity increased 
during storage and therefore starch conversion would be 
expected to increase with length of storage (Deobald et 
al., 1969; Walter et al., 1975).
Picha (1985b) stated that Centennial was the best 
cultivar for chip making because it produced a lighter chip 
color, higher total carotenoid content, more crude protein, 
and higher dry matter which would result in a greater yield 
for chips.
Pre-frvinq processing conditions
Several methods of pre-frying processing conditions 
have been used to control discoloration in deep fat fried 
sweet potato products. Brunstetter (1936) reported that 
sweet potato chips could be made from medium to small size 
root to prevent folding during frying. He suggested that 
heating the unpeeled roots in water at 175°-195°F for 30 
min would produce sweeter and crisper chips.
Sistrunk and Miller (1954) pointed out that the 
preheating made the slices limp and permeable, thus leading 
to a steady flow of water from the chips during frying 
which prevented case-hardening and reduced oiliness. The 
pre-heating inactivated enzymes responsible for darkening 
and produced puff slices which became porous and crisp
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during frying.
Scott et al. (1945) used a preheating treatment of 
unpeeled roots in water at 125°F or higher for 30 min for 
controlling discoloration in canned sweet potatoes. 
Sistrunk (1957) found that the discoloration of uncooked 
prepeeled sweet potatoes could be controlled by sodium 
sulfite. The use of sodium sulfite is limited to low 
levels due to the off flavor in the products.
Color improvement by additive
It has been demonstrated that the total phenolic 
content decreased when peeled sweet potatoes were soaked in 
citrate buffer for 24 hrs before canning. Canned sweet 
potato with a pH of 3.0 had the highest visual color, 11L" 
and "a” values (Sistrunk, 1971).
Twigg et al. (1974) showed the effectiveness of tin- 
coated cans and additives in preventing discoloration of 
canned sweet potatoes. Ethylenediaminetetraacetic acid 
(EDTA) and Stannous chloride (SnCl2) were effective in 
improving discoloration problem of canned sweet potatoes 
upon exposure to the air after opening the cans. Citric 
acid and sodium bisulfite (NaHS0 3 ) were ineffective except 
at the higher levels. These additives have an effect on 
the nonenzymatic reactions of the quinones rather than by 
the prevention of the initial quinone formation by the 
phenolase system. Darkening which occurred upon exposure 
of the processed products was assumed to be from a 
nonenzymatic reaction of the quinones produced during the
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initial phenolase activity.
The action of EDTA may be due to the chelation of 
metallic ions which are responsible for the formation of 
the dark-colored quinone complex (Twigg et al., 1974). The 
addition of tin in the form of stannous chloride may 
replace iron in the complex formed by the quinone reaction 
resulting in a light yellow colored instead of a dark- 
colored compound (Hernandez and Vosti, 1963). Citric acid 
may also act as a chelating agent to improve color or 
attractiveness of processed sweet potatoes (Sistrunk,
1971).
The degree of darkening in processed roots depended on 
cultivar as well as pre- and post-harvesting conditions 
(Hoover and Mason, 1961). The discoloration was 
concentrated near the cambium in whole sweet potatoes, but 
also extended over the entire surface of cut roots. The
tin dissolved in the sweet potato syrup effectively
competed with iron to maintain a bright yellow color (Scott
et al., 1974).
The color of frozen sweet potatoes could be preserved 
by submerging in 25% sucrose solution containing a 3:1 
combination of sodium acid pyrophosphate (SAPP) and 
tetrasodium pyrophosphate (TSPP). This combination 
produced good results in addition to holding the pH at 6 to 
prevent an off flavor or acid taste. Sodium acid 
pyrophosphate at 0.4% was sufficient to control 
discoloration. Higher percentages produced off-flavor and
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sloughing at the surface of whole and sliced frozen 
products (Hoover and Pope, 1959).
Discoloration was encountered when sweet potatoes were 
stored more than six weeks in the manufacturing of dried 
flakes (Hoover and Kushman, 1966). Sodium acid 
pyrophosphate (SAPP) at the rate of 0.3-0.4% on a dry basis 
was sufficient to control discoloration in the dried flakes 
(Hoover, 1963). Hoover and Miller (1973) used sodium acid 
pyrophosphate (SAPP) blanch treatment to eliminate graying 
in sweet potato products after frying. The SAPP served as 
a chelating agent to prevent ferric iron reaction with o- 
dihydroxyphenols. They indicated that 0.5 to 0.75% SAPP in 
the blanch water at 93 °C for 2.0 min appeared to be 
sufficient to assure a good color in the finished products.
In 1977, Olorunda and Kitson demonstrated that the 
discoloration of the chips prepared from white fleshed 
varieties could be eliminated by dipping in 100-500 ppm 
sodium sulfite (SO2 ) solution for 1 minute. This 
phenomenon served to remove the reducing sugars and block 
enzyme-caused phenolic discoloration. Sweet potatoes 
contain less than 0.1% of reducing sugar (glucose and 
fructose) at harvesting time. The reducing sugar content 
increases as length of storage increases (up to 24 wks) and 
can reach more than 2% (Walter and Hoover, 1984). This was 
the result of ©t-amylase activity increase during storage, 
and thus, starch conversion would be expected to increase 
as storage time increase (Deobald et al., 1969; Walter et
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al., 1975).
Olorunda and Kitson (1977) indicated that starch 
hydrolysis to sugar in sweet potatoes is reversible and 
proceeds at low temperature in the direction of starch to 
sugar as has been reported for Irish potatoes (Smith, 
1977). The results showed that the sugar content of sweet 
potato could be lowered by storing the roots at 20°C for 48 
hrs before processing.
A method that has been developed to decrease the 
reducing sugar in chip making is a diffuser-extractor. 
Hannigan (1979) reported that the use of slope diffuser 
could remove sugar 90-100% from raw slices. This equipment 
combined blanching steps and water extraction. The de­
sugared blanched pieces produced light colored and 
flavorful sweet potato chips.
Curing and Storage of Sweet Potatoes
Sweet potatoes were cured after harvest in order to 
have root suberization and wound-periderm formation 
(Artschwagen, 1931). The curing treatment involves holding 
harvested roots at 30°C (85°F) in 85-90% relative humidity 
for 4 to 7 days. In general, after curing, sweet potatoes 
can be stored successfully at 15.6°C with 90% RH for one 
year with no sprouting and chilling injury (Kushman and 
Wright, 1969). Sweet potatoes are stored in order to have 
fresh products over the entire year. Usually, the cheapest 
price is in the fall which is the harvest season, and 
slightly increases during winter and spring.
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Weight loss in sweet potatoes due to transpiration and 
respiration after curing and storage was studied by several 
workers (Buescher et al., 1975; Chang and Kays, 1981; 
kushman and Pope, 1972; Picha, 1986c). Their work 
indicated that the major source of weight loss was 
transpiration and the highest weight loss rate occurred at 
curing followed by a gradual loss during storage. 
Respiration contributed higher total weight loss during the 
latter periods of storage than during curing.
Many physiological and chemical changes occur during 
curing and storage that affect sweet potato composition. 
Carbohydrate is the major component of the dry matter 
portion and exists primarily in the form of starch and 
sugar. The major non reducing sugar in raw sweet potatoes 
is sucrose and the main reducing sugars are glucose and 
fructose (Picha, 1985a).
Several authors reported that the pattern of reducing 
sugars changes during curing and storage varying with 
cultivar. Generally, there was an increase in reducing 
sugar, non reducing sugar, and total sugar content during 
curing and after several months of storage (Hammett and 
Barrentine, 1961; McCombs and Pope, 1958; Walter and 
Hoover, 1984; Sistrunk et al., 1954). In addition, there 
was a decrease in alcohol insoluble solids (AIS) with 
increased lengths of storage which resulted from continuous 
degradation of starch (Picha, 1987).
It has been demonstrated that post-harvest handling
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had the greatest effect on firmness of canned sweet 
potatoes. Firmness was positively correlated with alcohol- 
insoluble-solids and starch (Kattan and Littrel, 1963). 
However, Baumgardner and Scott (1963) reported that pectic 
substances play a major role in firmness rather than starch 
and these substances decrease during storage. Ahmed and 
Scott (1958) indicated that 3-5% of the pectin in sweet 
potatoes was anhydrogalacturonic acid.
In baked roots, about a third of the AIS was converted 
to sugars during baking at 177°C for 30 min. (Jenkins and 
Gieger, 1957). "Mouth feel" in baked sweet potatoes 
depended on starch content, amount and size of dextrins and 
sugar content (Walter et al., 1975).
Hardcore in sweet potatoes results from chilling 
injury, which depends on length of time and temperature of 
chilling. Hardcore tissue is said to consist of 
protopectin and sodium hexametaphosphate-soluble pectin 
(Daines et al., 1974).
Irish Potatoes.
Color of potato chips is a result of caramelization of 
the sugars in the potato and Mail lard reaction due to 
sugars, amino acids, ascorbic acid, and other organic 
components. The accepted practice in manufacturing potato 
chips is to maintain the potatoes at temperature 70°F for a 
period of time for a reversed conversion of sugar to 
starch. At this temperature 20% of reducing sugars are 
converted to starch and 80% given off as water and carbon
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dioxide (Xander, 1952).
Another way to control chip color without the browning 
reaction was by removing moisture (drying) after frying. 
The successful dryers used in the laboratory, such as hot 
air tunnels, infrared heat, and microwave drying, were 
described by Smith (1967). There was some browning which 
accompanied this additional drying. However, it was less 
than when all moisture was removed by the frying process 
alone.
A number of procedures have been found to treat the 
slices of potato to produce lighter color chips. Patton 
(1948) soaked raw pieces in alkaline earth salt solution 
such as calcium or magnesium salt solution at a 
temperatures of 120-212°F for 30 seconds to 10 minutes to 
remove browning reactants. The presence of calcium and/or 
magnesium ions was for maintaining the insolubility of 
pectic substances to prevent loss of texture and flavor in 
the finished product.
Xander (1952) immersed the raw slices in solution of 
S02 to remove the hydroxymethyl furfural-forming reducing 
sugars. Whiteman (1951) washed slices in dilute HCl 0.444% 
for 1 minute; Dexter and Salunkhe (1952A) and Townsley 
(1952) soaked potato slices in hot water 70 °C for 1.5 
minute, followed by soaking in cold water for 15 min. The 
results showed that in this 15 minute of extraction, all of 
the reducing sugars, 35% of protein and 7% of the total dry 
matter were removed.
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Dexter and Salunkhe (1952 B, 1952 C) treated slices 
with hydrochloric or phosphoric acid solutions (pH 1.9) at 
temperatures of 75° or 120°F for 1.5 min followed by 3.5 
min washing in water. This was done to increase the 
permeability of the plant membranes in order to allow the 
diffusion of reducing sugars, while avoiding unnecessary 
loss of dry matter.
Smith (1961, 1962, 1963) used a solution of glucose- 
oxidase enzyme with potato slices in order to change 
glucose in the slices to gluconic acid which does not cause 
browning reaction. With this method, it is possible to 
reduce dark color chips; however it is not economical.
Methyl Cellulose
Methyl cellulose is made by treating cellulose with 
sodium hydroxide and methyl chloride, and its viscosity is 
principally dependent upon molecular chain length. It 
possesses thermogelation which means that a solution when 
heated and cooled forms a gel. The viscosity initially 
decreases when it is heated, but will increase rapidly 
after gel development. This phenomenon is due to an 
increase in interpolymer hydrophobic bonding resulting from 
thermal disruption of the hydration shell around the 
molecules. The gel develops upon cooling because 
electrolytes, such as sodium chloride and nonelectrolytes, 
such as sucrose or sorbitol depress the gelation point, 
perhaps because of their competition for the water. Methyl 
cellulose has no caloric contribution to the diet because
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of its non-digestible characteristic (Whistler and Daniel, 
1985).
There has been some work using Methccel coating in 
deep fat fried food to reduce oil uptake in cut potatoes 
with an average reduction of oil from 51% to 47% by the use 
of Methocel A4M (Dow chemical, Form No. 192-881-482, 
Midland, Michigan 48640).
Microwave
Potato chip processing systems using microwave energy 
for finished drying have been reported (Davis et al., 1965; 
Smith et al., 1965; Smith, 1966). These authors used 
microwave frequencies of 915 and 2450 MHz with a production 
capacity 62-1500 lb per hour. Their results indicated that 
microwave finished drying produced chips of acceptable 
quality even when reducing sugar was as high as 0.5%. 
Porter et al. (1973) showed that the intermediate moisture 
contents (IMC) should be below 13.0% in order to obtain 
acceptable texture of finished potato chips.
Smith et al. (1965) showed that microwave drying is 
suitable for drying in a large scale chip plant without 
additional color development. The oil content of the 
microwave-finished chip was lower than that of those 
conventionally fried and the texture was slightly 
different. According to Smith et al. (1965) frying the 
chips until the remaining moisture was 6-10% and then using 
microwave finishing to dry to a desirable 2% moisture 
produced no additional coloring. It was also reported that
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rancidity development was slower than in the conventional 
fried chip.
Chip processor are interested in the yield, color, oil 
content, the flavor of the chips, and the factors affecting 
these quality characters (Smith and Davis, 1977).
Several factors are involved in the yield of chips. 
Specific gravity or dry weight of potatoes is the most 
important. This is affected by variety, maturity, cultural 
factors (such as irrigation or soil moisture, 
fertilization, method of controlling insects and diseases 
and vine killing), temperature during the growing season, 
and light intensity as well as other factors (Smith and 
Davis, 1977).
Slicing
Slices should be very uniform in thickness in order to 
obtain uniformly colored chips. Slices with torn surfaces 
will lose excessive solubles from ruptured cells and absorb 
larger amounts of fat. The starch and other material on 
the surface of the slices should be removed to prevent the 
slices from sticking together during frying. After 
washing, the potato pieces may or may not be dried by high- 
velocity air currents (heated or unheated), with pressure 
rolls of sponge rubber, or with vibrating mesh belts. 
Surface drying will help decrease the frying time and 
increase the capacity of the cooking unit. In some frying 
systems, the slices are not washed after slicing, resulting 
in adhesion of slices. However, the chips are said to be
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more flavorful (Matz, 1984).
Based on average parenchyma cell diameter of 160-240 
m, the loss of solids due to the cut cells ranged from 8 
to 12% at 2-mm slice thickness and from 16 to 24% at 1-mm 
slice thickness (Reeve, 1971).
Frying
Most manufactures currently use continuous fryers; 
however, batch equipment is still employed. The components 
of these units are; a hot oil tank in which the chips are 
cooked, an area for heating and circulating the oil, a 
filter to remove particles from oil, a conveyor to carry 
chips out of the tank, a reversion area in which oil is 
heated for adding to the circulating frying oil, and vapor- 
collecting hoods above the tank (Matz, 1984).
Matz (1984) reported that approximately 1 lb of steam 
is generated from the potatoes each hour for each 3 lb of 
heated oil. This tends to serve as a blanket of 
nonoxidizing gas over the oil which provides a continuous 
deodorization for the oil. A constant replenishment with 
fresh oil to compensate for that absorbed by the chips 
prevents undesirable flavor products from accumulating.
The oil used in deep-fat frying of potato chips serves 
2 functions; (l) as a medium for transferring heat from a 
thermal source to the raw slices, and (2) as a part of the 
ingredient in the chips. The amount of oil absorbed and 
its characteristics as it exists in the chips affects the 
flavor, texture and appearance of the chips (King et al.,
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1936).
Shaw and Lukes (1968) indicated that chips fried at a 
high temperature (3506F) have a lower oil content than 
chips fried at a lower temperature (300°F). Better 
drainage of oil from the cooked chips was due to the lower 
viscosity of the hotter oil. Chips are still losing
moisture and cooling as they come out of the frying oil 
which results in increasing oil viscosity and inhibition of 
oil drainage. A significant reduction of oil content can 
be achieved by increasing the temperature of chips after 
they emerge from the fryer. Such methods as a hot air 
tunnel, or use of a radiant heaters may be used and were 
successful.
The porosity of chips is caused by the rapid expansion 
of water vapor resulting from the high temperature of the 
frying medium. The large cavities are created when large 
volumes of steam are trapped between unbroken cells. These 
fill with oil. It is believed that lower specific gravity 
tubers produce more porous chips with more ruptured cell 
walls than higher specific gravity tubers. If evaporation 
continues at a rapid rate, the temperature of frying-pieces 
will be close to the boiling point of water (Brown, 1960).
Factors affecting oil content
Vegetable oils cost more per unit of dry weight than 
potatoes. It is to the manufacturers advantage to keep the 
oil content of chips at the lowest level from an economical 
standpoint and to meet consumer satisfaction. Factors
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affecting oil content of the chips are: (1) dry matter
content of potatoes; (2) thickness of slices; (3) type of 
fat; (4) temperature of fat during frying; (5) length of 
frying time; (6) leaching slices with hot water or 
solution; and (7) partial drying of raw sliced before 
frying (Matz, 1984; Smith and Davis, 1977).
Potato chips fried in liquid oil absorbed 10 to 15% 
less fat than chips fried in a fat that is solid at room 
temperature. This was due to the low absorption of oil, 
better draining properties of oil and the marked resistance 
to hydrolysis of the hydrogenated fat (Matz, 1984).
During the period where steam is being quickly removed 
from the frying potato slices, fat absorption will be at a 
low level. As the water vapor begins to diminish in the 
final stages of frying, fat can enter the empty space left 
in the dehydrated cells. This phenomenon will appear at 
different times and in different parts of the chip due to 
varying rate of dehydration. The amount of excessive fat 
is partly related to fat viscosity and the unevenness of 
the chip surface. A large part of this fat is drawn into 
the unfilled cavities in the cells when the chip is cooled 
and the remainder just runs off.
In general, reducing slice thickness increases the oil 
content of the chips. The vigorous agitation of chips on 
the draining conveyor will have an effect on the fat 
content of the fried chips. Hot air blowing at the point 
where the chips are drawn from the fryer should reduce fat
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absorption (Matz, 1984).
Matz (1984) also indicated that partial removal of 
moisture from raw slices before frying reduced the oil 
content of chips. Blanching raw slices to remove excessive 
reducing sugars resulted in an increased oil uptake.
Storage stability
The normal shelf-life of the Irish potato chips stored 
at a temperature of 70°F is 4-6 weeks when the chips are 
fried in stabilized oil and packed in an opaque wrap with a 
low moisture vapor transmittance rate. This is the longest 
shelf-life which can be achieved without vacuum packaging, 
freezing, or other special treatments (Matz, 1984).
After potato chips are in the bag, the three forms of 
quality degeneration having the greatest effort on consumer 
acceptance are breakage, absorption of moisture leading to 
loss rf crispness, and fat oxidation with development of 
rancid odors and taste. Breaking of the chips can be 
prevented by using stiff packaging material containing some 
air to make the package "pop up" and handling with care 
during shipping (Matz, 1984) .
Opaque packaging material should be used to obtain 
maximum shelf-life of the chips in order to prevent light 
oxidation, especially from fluorescent light (Fuller, et 
al. 1971).
Quast and Karel (1972) indicated that potato chips are 
considered commercially unacceptable when they contain a 
moisture content above 3%, which represents an equilibrium
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with a relative humidity of about 32%. The packaging 
material should have a high degree of resistance to 
moisture-vapor transfer. Foil-containing films are 
preferable for making pouch containers because they resist 
moisture-vapor transfer and also light transmittance.
Texture in foods involves naturally occurring high 
polymers such as starch, pectin, cellulose, and 
hemicellulose. The principal constituents of the cell 
walls of potatoes are cellulose, hemicellulose, and pectic 
substances (occuring mainly as calcium pectinate). These 
substances are present as polymeric gels (Smith and Davis, 
1977). Some cellular structures of potato slices are 
ruptured during deep fat frying. The frying process 
results in cooking and dehydration. In this process, the 
starch in the cells is gelled and dehydrated and some of 
the water in the tissue is replaced with oil. Oil in the 
chips occurs mainly in cell walls, intercellular spaces, 
and blister areas. Oil penetrates into some intact cells 
and to a limited extent to areas between the gelled starch 
granules within the cells. Blistering of the chips results 
from cell separation due to expansion of steam trapped 
within the slices after the surface is dehydrated and 
sealed (Reeve and Neel, 1960).
Measurement of crispness
Measurement of textural properties of food is 
determining the strength of a material. In texture- 
measuring devices, there are three fundamental parameters
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of force, distance, and time expressed in various units and 
in various combinations of these units. Crispness can be 
measured by: (a) the steepness of the force-distance
curve, and (b) the area under a force-distance curve which 
is a measurement of the work done in a test (Bourne, et 
al., 1966).
Crispness is a textural characteristic for most fresh 
fruits and vegetables, dry cereals, and starch-based snack 
food products. The loss of crispness, due to the 
adsorption of moisture is a major cause of snack food 
product rejection by the consumers (Nielsen, 1979) . The 
mechanical strength of dry snack food to form a plastic and 
the softening of the starch/protein matrix result from 
changes in water composition of the product.
Loss of crispness results when the water content in a 
dry snack food system is less than or equal to the 
Brunauer-Emmet-Teller (BET) monolayer value (Labuza, 1968). 
The crispness sensation present when eating snack food may 
possibly be due to the force necessary to break a strong 
macro-molecular interaction of crystalline-like zones 
formed from hydrogen bonding and Van der Waal force bonding 
between the carbohydrate macro-molecular matrix. When 
water content is higher than the BET monolayer value there 
is a decrease in macro-molecular interaction resulting from 
water-water interactions which break intermacro-molecular 
force bonds. This phenomenon leads to less crystalline 
regions and enables the macro-molecules to become mobile
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
33
and slip past each other. When the product is sheared 
during eating, the consumer perceives this change in the 
water binding properties as a loss of crispness (Suggett, 
1965; Vickers and Bourne, 1976).
Kaghan (1969) discussed the limitation of water 
content in snack food products where it became 
organoleptically unacceptable. He indicated that the 
potato chips were rejected when the water content was more 
than 3%. Brennan et al. (1974) stated that biscuits 
(crackers) were considered unsalable in the United Kingdom 
when the moisture content was beyond 3.5%.
A method for determining critical moisture conditions 
of the snack food systems for textural acceptability is 
utilizing the water activity (Aw), a physical-chemical 
property of water. Brickman (1957) found the critical 
water activity (Ac - The Aw when the product was 
unacceptable) for corn chips to be 0.40, and Quast and 
Karel (1972) found the same Ac for potato chips.
The crispness property in snacks was studied by 
several investigators. Bourne et al. (1966) used a punch 
test to determined crispness of potato chips at different 
moisture contents. He reported that loss of crispness in 
potato chip, as indicated by a decreasing initial slope in 
the force-deformation curve, was correlated to an increase 
water content of the chips. Szczesniak and Hall (1975) 
examined potato chips with the General Food Texturometer 
using 17 mm diameter plunger, and related the first peak
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height (a small initial peak) from a 2-bite compression 
cycle to crispness. Zabik et al. (1979) determined 
crispness at different Aw's as the breaking strength of 
sugar-snap cookies using a single blade cell.
Bourne (1975) used an Instron Universal Testing 
Machine with a 2-bite compression cycle to illustrate the 
force-deformation curve of a pretzel and a corn curl as 
related to a product's structural integrity. He stated 
that these two products are characteristic of a crisp food 
because of their low cohesiveness and undergo brittle 
fracture.
A sensory rating of crispness has frequently 
correlated with mechanical analysis of snacks along with 
different moisture content. Vickers (1975) indicated that 
sensory crispness for ginger-snaps and Cheetos had high 
correlation with the initial slope of a force-deformation 
curve by using a needle test curve. lies and Elson (1972) 
studied potato crisps (chips) and cracker-biscuits with a 
4.3 mm diameter punch and a snap test, respectively, and 
found that initial slope is a good indicator of sensory 
crispness or textural preference. Brennan et al. (1974) 
also studied biscuits with a snap test and found that the 
elastic modulus and deformation to fracture correlated very 
well with sensory crispness.
Katz and Labuza (1981) showed that the crispness 
intensity as measured by the Instron Universal Testing 
Machine and overall hedonic texture of dry snack food
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products were a function of Aw. As Aw increased, the 
sensory acceptability decreased. Critical water activity 
(Ac) of the unacceptable product, from a sensory stand 
point, generally fell in the range of Aw 0.35-0.50. This 
is the same Aw range where amorphous to crystalline 
transformations occur in simple sugar food systems and the 
mobilization of soluble food constituents begins.
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CHAPTER 1
DETERMINING OPTIMUM CONDITIONS FOR FRYING 
SWEET POTATO CHIPS
36
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ABSTRACT
Roots of Jewel sweet potato cultivar were cured at 
32°C, 80-90% RH for 10 days and stored at 13-16°C with the 
same RH. Subjective and objective analyses were performed 
to determine optimum condition for chip making. Frying 
temperatures of 143, 149, 155, and 160°C; slice thicknesses 
of 1.0, 1.5, 2.0, and 2.5 mm; and four oil types, corn,
cottonseed, peanut, and soybean were studied. The data 
indicated that a frying temperature of 155 to 160°C in 
soybean oil with a slice thickness of 1.5 mm resulted in 
the best over-all quality for sweet potato chips.
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INTRODUCTION
SWEET POTATOES [Ipomoea batatas (L.) Lam.] are one of 
the most nutritious horticultural crops with a good source 
of carotenoids, ascorbic acid and carbohydrates (Sistrunk 
et al., 1954; Hollinger, 1944; MacNair, 1956). Of the 
carotenoids in sweet potatoes, 90% is B-carotene (vitamin A 
precursor) and the remaining 10% is provitamin A carotenoid 
(Ezell and Wilcox, 1952; Purcell, 1962).
The principal factors affecting chip acceptabity are 
piece size, color, and flavor of the chips. These factors 
could be controlled by careful handling, selection of raw 
roots after harvesting (Burton, 1957; Hamann et al., 1980; 
Walter and Hoover, 1986; Picha, 1985b) and use of proper 
processing conditions (Hoover and Miller, 1973). Quast and 
Karel (1972) indicated that Irish potato chips are consider 
commercially unacceptable when moisture content is above 
3%. The packaging material should have a high degree of 
resistance to moisture-vapor transfer.
Slices produced from the chipper should be uniform in 
thickness in order to obtain uniformly colored chips. 
Slices with torn surfaces will lose excessive soluble 
material from ruptured cells and absorb larger amounts of 
fat. In general with white potatoes, reducing slice 
thickness will increase the oil content of the chips (Matz, 
1984). Chips fried at high temperature (350°F) have a
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lower oil content than chips fried at low temperature 
(300°F) (Shaw and Lukes, 1968).
The oil used in deep-fat frying of potato chips serves 
two functions: (1) as a medium for transferring heat from
a thermal source to the raw slices, and (2) as a part of 
the ingredient in the chips. The amount of oil absorbed 
influences the flavor, texture and appearance of the chips 
(King et al., 1936). Factors which can affect oil content 
of Irish potato chips include: dry matter content of sweet 
potatoes, thickness of slices, type of oil used, and 
temperature and time of frying. Additional treatments such 
as leaching slices with hot water or solutions, and partial 
drying of raw slices before frying (Matz, 1984; Smith and 
Davis, 1977) can also influence the uptake of oil.
The objective of this study was to determine the 
optimum conditions in terms of frying temperature and time, 
slice thickness, and oil type for producing a uniform sweet 
potato chip. Several authors has worked with modification 
of frying time and frying temperature, slice thickness, and 
oil type for making sweet potato chips. Burton (1957) 
looked at frying temperature and time, slice thickness, and 
oil type. Hoover and Miller (1973) studied frying 
temperature and time and thickness. Martin and Rhodes 
(1984) evaluated sweet potato cultivars for chip making.
Using the results of these workers as a starting point 
the optimum frying temperature, frying time, slice 
thickness, and oil type were evaluated using current sweet
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potato cultivars and the available laboratory equipment. 
During this early experimentation the sensory panel was 
also being trained.
MATERIALS AND METHODS
Roots of Jewel sweet potato cultivar were used in this 
preliminary study were grown at the Hill Farm of the 
Louisiana Agricultural Experiment Station, Baton Rouge, LA.
The roots were cured at 32°C with relative humidity 80-90% 
for 10 days and then stored at 13-16“C with the same 
relative humidity until processing.
Processing Line. Roots of Jewel cultivar were washed 
to remove soil and subjected to lye peeling (model 1965 
Robins, Food processing Machinery, A.K. Robins & Co. Inc., 
Baltimore, Maryland USA) with 15 % NaOH solution (w/w) at a 
temperature of 100 °C for 3 to 5 mins. The peeled roots 
were dropped into a cylindrical reel washer (model 65 
Robins, Food Processing Machinery, A.K. Robins & Co. Inc., 
Baltimore, Maryland USA) to remove lye skins. The peeled 
roots were kept submerged under water to prevent enzymatic 
browning. Roots were trimmed to remove blemished spots and 
then sliced by a vegetable slicer (model 400 Qualheim- 
Electrocute, Qualheim inc. Racine, Wis. USA). The sliced 
pieces were rinsed with warm water (40°C) for 30 seconds 
and drained on a 60 x 60 cm steeless steel perforated tray. 
The drained pieces were fried in a gas fired deep-fat fryer
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containing 34 kg of oil(model MJ 56G2T SSC 150,000 
B.T.U./hr Frymaster Corporation, Shreveport, Louisiana). 
The fried chips were spread over absorbent paper and 
cooled. Chips were placed in polyethylene plastic bags, 
and flushed with nitrogen gas. The bags were sealed, 
wrapped with aluminum foil and kept in a walk-in-freezer at 
a temperature of -6°C for storage prior to conduct a 
sensory evaluation. Additional chips were ground and kept 
in a -80°C laboratory freezer for the objective analysis.
To determine optimal frying temperature, roots were 
sliced to 1 mm thickness and fried in soybean oil at 
temperatures of 143°, 149°, 155°, and 160°C. For each
treatment, frying time was adjusted to produce the 
brightest colored and crispest chip. Time were adjusted to 
the nearest 0.5 minutes since control of frying times to 
less than 30 seconds was not possible. To determine 
optimum thickness, roots were sliced into 1.0, 1.5, 2.0, 
and 2.5 mm thickness and fried in soybean oil at 155°c. 
Again, frying times were adjusted to produce chips high in 
color and crispness. To determine oil type, sliced pieces 
of 1.5 mm thickness were fried at a temperature of 155°C in 
corn, cottonseed, peanut, and soybean oils.
Subjective qualities of the chips were evaluated by an 
untrained sensory panel for color, texture (crispness), 
flavor, oiliness, and overall acceptability. Quality 
ratings were expressed based on a Hedonic scale of 1 to 9 
with 9 indicating the highest preference score; color
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scores were rated by comparison with a Sweet Potato Chip 
Color Reference Standard (constructed by N. Vaisayanunt and 
P. Wilson, Louisiana State University, Baton Rouge, 
Louisiana). Each evaluation was conducted by a group of 9 
to 10 panelists consisting of professors and research 
associates from the Horticulture Dept., LSU, Baton Rouge. 
The judges' ages ranged from 25 to 55 years old. Samples 
of sweet potato chips were each coded with a three digit 
number from a random number table (Neter and Wasserman 
1974) and randomly served. A glass of cold apple juice was 
used for mouth rinsing between samples. A napkin and a 
sensory evaluation sheet with a pencil were provided for 
each panelist.
The objective quality ratings consisted of analyzing 
moisture, fat, and carotene contents and Hunter color 
values. For moisture, fat, and carotene determinations, 
chips were ground using a 150 ml stainless steel cup on a 
Waring blender (model 31BL46). Samples were kept in 125 ml 
polyethylene screw cap bottles (Nalgene Laboratory quality 
bottles, Nalge Co., Division of Sybran corporation 
Rochester, New York). Samples were stored in the -80°C 
freezer (model So-low Environmental Equip. Co.
Cincinnati, Ohio) until analyzed.
Moisture Determination. Approximately 2 to 3 g ground 
chips were weighed, dried in a forced air oven (model no. 
OV-490A-2, Blue M, Blue Island, Illinois 60406) at 70°C for
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24 hrs and reweighed. Percent moisture was calculated from 
the weight difference.
Fat Determination. Dried chips used for moisture
determinations were used to determine fat content by using 
the method described in AOAC (1980). Hexane was used as a 
solvent and chips were extracted in a Soxhlet apparatus for 
18 hrs. Fat contents were expressed as percent fat on a 
dry weight basis of the chips after frying.
Beta-carotene Determination. B-carotene content was 
determined using a slightly modified method of Picha 
(1985b). Ground chips were weighed to exactly 0.1 gm and 
ground in a Thomas tissue grinder (E 3431-E04 Arthur H. 
Thomas Co. Philadelphia, P.A.) in 10 ml hexane until nearly 
white tissue was obtained. The extracted solution was 
filtered through Whatman #1 paper. The absorbance of the 
filtrate was read at 450 nm against a blank solution
(hexane) using a Gilford Response spectrophotometer 
(Gilford, Corning Laboratory Sciences Co., Oberlin, Ohio). 
The absorbances of the samples were compared to the 
standard curve of pure 13-carotene (from carrots, type 4 
crystalline anhydrous mol. wt. 536.9 Lot No. 15F-9715,
Sigma Chemical Co. St. Louis MO. 63178). A 0.1 mg/ml stock
solution of B-carotene was prepared by quantitatively 
transferring 25 mg from the labeled bottle to a 250 ml 
volumetric flask and diluting with hexane. A B-carotene 
standard curve was prepared using the stock solution to 
prepare standards of 0.001, 0.002, 0.004, 0.006, and 0.008
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mg/ml. The absorbances of these concentrations were read 
at 450 nm against a blank solution (hexane). A linear 
regression with the correlation 0.997 to 0.999 was 
calculated from the plot of absorbance versus 
concentrations. The slope and intercept of the regression 
line were used to calculate the concentration of B- 
carotene in mg per 100 g of sweet potato chips.
Color Value Determination. Sweet potato chip color 
was determined with a Hunter Color Difference Meter (model 
D25M/L-9 optical sensor, Hunter Associates Laboratory, Inc. 
Fairfax, Virginia, USA) using L, a, and b values. To 
assure accurate readings, a black standard plate (Hunter 
Associates Laboratory, Inc. Fairfax, Virginia) and an 
orange sweet potato standard plate (L=53.5, a=31.6, b=35.1 
from the Erie Ceramic Arts Co. Erie, Pennsylvania) were 
used for standardization.
Chips were ground using a Waring Blender. The ground 
chips were spread evenly on a disposable petri plate which 
was placed horizontally on the stand. The stand was 
adjusted until the sample plate was in contact with the 
instrument aperture to prevent light scattering. Eight 
readings per replication (root) were recorded. The plate 
was rotated 45° between each reading. The average of eight 
readings was used.
Design and Statistical Analysis. The design for the 
preliminary study was a Completely Randomized Design with 
sampling. Twelve roots were used in each treatment (four
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temperatures, four slice thicknesses, and four oil types) 
with three replications in each treatment. One root 
represented one replication. Each root produced 
approximately 50 to 60 chips which were divided into 25 
chips for sensory evaluation, 15 to 20 chips for moisture, 
fat, carotene, and 8 to 10 chips for Hunter color reading. 
The objective quality ratings of percent moisture and fat 
after frying were done with two replications. Beta- 
carotene of the chips was analyzed using three 
replications. Hunter color readings were done with 3 
replications; the readings (L, a, b) were recorded 8 times 
per replication.
The data were subjected to ANOVA (analysis of 
variance) using SAS GLM procedure (SAS/STAT Guide for 
Personal Computers, 1985). Significant treatment means 
were separated using Duncan's (1955) Multiple Range Test. 
Significant differences imply a probability level of 
0.05.
RESULTS AND DISCUSSION
Frying temperature affected the frying time; the 
higher the frying temperature the shorter the frying time 
required for frying the raw pieces (Table 1). The frying 
temperature exerted a considerable influence on subjective 
color scores and on Hunter color values. Higher frying 
temperatures yielded higher color rating scores by the
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
46
Table 1. Effect of frying temperature on subjective color
scores, B-carotene, and Hunter color readings of
sweet potato chips.
Frying Frying Sub.1 B-carotene2 Hunter color r e a d i n g s ^ ,
temp, time color (mg/lOOg L a b
(° C) (min) scores chips)
143 3.5 5.64 b4 17.22 a 77.74 a -17.29 a 23.88 a
149 3.0 6.69 a 20.62 a 82.50 a -20.52 b 29.03 a
155 2.5 6.41 a 16.27 a 83.54 a -22.69 b 29.11 a
160 2.0 6.13 ab 18.53 a 81.72 a -23.09 b 28.98 a
1 Mean response in 3 replications (1 root per replication)
of 9 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 3 samples per replication.
3 Mean of 3 replications with 8 readings per replication.
4 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan’s (1955) 
Multiple Range Test].
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panelists, higher Hunter "L" values, lower "a", and higher 
Mb" values. Subjective color scores were related to Hunter 
"a” values, with higher subjective color scores tending to 
coincide with higher HL" lower "a”, and higher "b" values. 
This means that the higher temperature produced a brighter 
yellow-orange color chip (higher subjective color scores) 
higher "L11 and "b" and lower "a" value readings. However, 
frying temperature had no effect on B-carotene content.
The higher frying temperature (and shorter frying 
time) tended to produce crisper chips with higher texture 
scores and lower moisture contents (Table 2). The results 
of this study showed that texture or crispiness of the 
chips was related to the moisture content of chips after 
frying. Frying temperatures of 143, 155, and 160°C
produced chips that had similar texture and the same level 
of moisture contents. A frying temperature of 149°C 
produced somewhat chewy chips because of higher moisture 
content. There were no significant differences between 
chips fried at different temperatures for the subjective 
scores of overall acceptability.
The results from Table 3 showed that there were no 
significant differences in subjective scores at the 5% 
level of the subjective scores of flavor and oiliness, or 
for fat content of the chips after frying. Apparently 
frying temperature variations had no effect on oiliness for 
the panelists and to the oil content as measured by Soxhlet 
extractions. This conflicts with the results of Show and
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Table 2. Effect of frying temperature on subjective scores
(texture, and overall acceptability) and moisture













143 3.5 6.87 a3 5.98 a 1.45 b
149 3.0 5.80 b 5.87 a 2.31 a
155 2.5 6.80 a 6.20 a 1.13 b
160 2.0 6.87 a 6.28 a 1.83 ab
1 Mean response in 3 replications (1 root per replication) 
of 9 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 2 samples per replication.
3 Means within any column followed by the same letter are 
not significantly different (P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Table 3. Effect of frying temperature on subjective scores










143 3.5 6.02 a3 6.23 a 43.18 a
149 3.0 5.74 a 6.04 a 40.38 a
155 2.5 5.94 a 5.91 a 44.12 a
160 2.0 6.11 a 6.07 a 39.95 a
1 Mean response in 3 replications (1 root per replication) 
of 9 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 2 samples per replication.
3 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Lukes (1968) who found differences in oil contents for 
Irish potato chips fried at various temperatures. 
Apparently, sweet potato chips do not absorb oil in the 
same manner as Irish potato chips.
From Table 1, frying temperatures of 149, 155, and
160°C produced the same results for subjective color scores 
and Hunter color readings of L, a and b. From Table 2, 
frying temperatures of 143, 155, 160 °C gave the same
results of crispness and moisture content of the chip after 
frying. Based on these results, two frying temperatures 
(155° and 160°C) were found to be better than the others. 
Since there were no differences between chips fried at 
these two temperatures, a frying temperature of 155°C was 
arbitrarily selected for all later work.
Slice thickness affected frying time, with thicker 
pieces requiring longer frying times (Table 4). The 
thickness of the raw pieces contributed significantly to 
the subjective color scores. Two thickness (1.5 and 2.0 
mm) yielded higher subjective color scores than the others. 
Varying slice thickness did not produce any significant 
differences in B-carotene or tristimulus values of fried 
chips.
There were no significant differences in texture or 
crispness of chips with differing thickness (Table 5). The 
results indicated that the longer frying time for the 
thicker raw slices did not seem to produce lower moisture 
chips. The thicker slices lost moisture slowly and
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Table 4. Effect of slice thickness on subjective color
scores, B-carotene, and Hunter Color readings of 
sweet potato chips.
Slice Frying Sub.1 B-carotene2 Hunter color r e a d i n g s ^ ,
thick, time color (mg/lOOg L a b
(mm) (min) scores chips)
1.0 2.5 5.53 be4 15.53 a 77.64 a -18.12 a 25.93 a
1.5 2.5 7.07 a 14.16 a 84.25 a -22.90 a 29.42 a
2.0 3.5 6.33 ab 15.39 a 86.76 a -24.15 a 30.83 a
2.5 4.5 4.80 c 15.68 a 84.79 a -23.20 a 29.23 a
1 Mean response in 3 replications (1 root per replication)
of 10 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 3 samples per replication.
3 Mean of 3 replications with 8 readings per replication.
4 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Table 5. Effect of slice thickness on subjective scores
(texture, and overall acceptability) and moisture 













1.0 2.5 6.30 a3 5.67 ab 2.08 b
1.5 2.5 6.10 a 6.10 a 2.73 b
2.0 3.5 5.17 a 5.18 ab 6. 05 a
2.5 4.5 5.67 a 4.62 b 3.11 b
1 Mean response in 3 replications (l root per replication) 
of 10 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 2 samples per replication.
3 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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produced chips with higher moisture content and chewy
texture. Statistically, chips sliced at thicknesses of
1.0, 1.5, and 2.0 mm appeared to have the same overall
acceptability. However, by comparing the moisture content 
of the chips after frying, the thicknesses of 1.0 and 1.5 
mm had moisture contents lower than the others.
There were no significant differences at the 5% level
of subjective testing for oiliness scores and fat content 
of the chips after frying (Table 6) . Chips with
thicknesses of 1.0, 1.5, and 2.0 mm appeared to have higher 
subjective scores in flavor. Based on the slice thickness 
tests, a slice thickness of 1.5 mm gave the best overall 
quality ratings. Therefore, this thickness was selected as 
optimal.
Four types of oil were tested with slice thickness of
V
1.5 mm and fried at 1556C. The results in Table 7 show 
that there were no significant differences in Hunter 
tristimulus color readings among the oils. However, the 
chips fried in soybean oil received the highest subjective 
color score. The type of oil used in frying seemed to have 
an influence upon B-carotene content of the chips. Chips 
fried in cottonseed oil gave the highest B-carotene 
content, 15.75 mg per 100 g chips. Cottonseed oil seemed 
to extract less carotene while corn oil extracted more from 
the chips.
The results in Table 8 and 9 indicated that the four 
oil types produced no significant differences in subjective
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scores of texture, overall acceptability, flavor, and 
oiliness and objective analysis of Hunter color readings, 
moisture, and fat content of the chips after frying. Based 
on subjective color scores, soybean oil was selected for 
all further tests.
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Table 6. Effect of slice thickness on subjective scores 
(flavor and oiliness) and fat contents of sweet 
potato chips.
Slice thick. Frying time Subiective scores^ Fat after2
(mm) (min) flavor oiliness frying (%DB)
1.0 2.5 5.93 a3 5.57 a 38.92 a
1.5 2.5 6.07 a 6.40 a 38.00 a
2.0 3.5 5.73 ab 6.00 a 31.79 a
2.5 4.5 5.15 b 5.67 a 35.30 a
1 Mean response in 3 replications (1 root per replication) 
of 10 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 2 samples per replication.
3 Means within any column followed by the same letter are 
not significantly different [P > 0.05? Duncan's (1955) 
Multiple Range Test].
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Table 7. Effect of oil type on subjective color scores, B- 
carotene, and Hunter Color readings of sweet 
potato chips sliced at 1.5 mm and fried at 155°C.
Oil Type Sub.1 B-carotene2 Hunter Color readings^-
color (mg/lOOg L a b
scores chips)
Corn 5.43 b4 12.39 c 79.09 a -18.76 a 24.06 a
Cottonseed 5.40 b 15.75 a 76.61 a -17.24 a 25.76 a
Peanut 5.40 b 13.47 be 77.44 a -18.40 a 24.11 a
Soybean 6.57 a 13.94 b 81.57 a -20.18 a 28.19 a
1 Mean response in 3 replications (1 root per replication)
of 10 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 3 samples per replication.
3 Mean of 3 replications with 8 readings per replication.
4 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Table 8. Effect of oil type on subjective scores (texture, 
and overall acceptability) and moisture contents 
of sweet potato chips sliced at 1.5 mm and fried 
at 155°C.
Oil Type Subjective scores^_____ Moisture2
Texture Overall accept, after frying 
(crispness) (%)
Corn 6.27 a3 6.00 a 2.61 a
Cottonseed 5.77 a 5.77 a 2.95 a
Peanut 6.77 a 6.42 a 2.48 a
Soybean 6.77 a 6.38 a 3.00 a
1 Mean response in 3 replications (1 root per replication) 
of 10 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 2 samples per replication.
3 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Table 9. Effect of oil type on subjective scores (flavor 
and oiliness) and fat contents of sweet potato 
chips sliced at 1.5 non and fried at 155°C.
Oil Type Subiective scores^ Fat after2
flavor oiliness frying (%DB)
Corn 6.27 a3 6.10 a 44.45 a
Cottonseed 6.07 a 5.83 a 44.21 a
Peanut 6.67 a 6.33 a 42.38 a
Soybean 6.30 a 6.13 a 41.86 a
Mean response in 3 replications (1 root per replication)
of 10 panelists on a scale of 9=best to l=poor.
2 Mean of 3 replications with 2 samples per replication.
3 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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SUMMARY
Roots of Jewel sweet potato cultivar were used to 
determine the optimum conditions for frying chips. The 
results showed that a higher frying temperature and shorter 
frying time produced brighter yellow-orange colored chips, 
higher subjective color scores, higher "L", and "b" values, 
and lower "a" values. Subjective crispness of the chips 
was related to moisture content of the chips after frying 
and a higher frying temperature resulted in crisper chips. 
Frying temperatures of 155° and 160°C were found to be the 
best. Slice thickness affected frying time, with thicker 
pieces requiring longer frying times. However, based on 
overall quality ratings (subjective color, flavor, and 
overall acceptability and objective analysis of moisture 
content of chips after frying) a slice thickness of 1.5 mm 
was selected as optimal. Four oil types were tested and no 
differences were found. Since there was no apparent effect 
of oil type and because the oil was changed after every 4-5 
tests, soybean oil was selected on the basis of economy.
Based on this preliminary work all further evaluations 
were compared using chip thickness of 1.5 mm. The chips 
were fried in soybean oil at 155"C.
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CHAPTER 2
PRE- AND POST-FRYING TREATMENTS FOR IMPROVING COLOR AND 
REDUCING OIL CONTENT OF SWEET POTATO CHIPS.
60
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ABSTRACT
Sweet potato roots of the Centennial cultivar were 
used in pre- and post-frying treatments for improving color 
and reducing oil content of the chips after frying. Roots 
were cured at 32'C, 80% relative humidity (RH) stored for 
10 days and at 13°-16°C with the same RH. A frying 
temperature of 155°C in soybean oil and a slice thickness 
of 1.5 mm were used. Pre-frying treatments that were
evaluated were: dehydration at 110°C for 0, 10, 15, 20,
25, and 30 min; sodium acid pyro phosphate (SAPP) blanching 
at 95°C for 1 min. with concentrations of 0.00, 0.25, 0.50, 
0.75, 1.00, 1.25, and 1.50%; and coating with methyl
cellulose. A post-frying treatment of microwaving in 
combination with blanching was also tested. The results 
showed that good quality chips were produced when raw 
slices were blanched with 0.5% SAPP and partially 
dehydrated at 110"C before frying. A superior chip was 
also made by blanching in 0.5% SAPP, followed by a 2.5 min. 
deep fat fry and a 2.0 min. post-frying dehydration in a 
microwave.
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INTRODUCTION
Several techniques have been tried to produce high 
quality sweet potato chips (Sistrunk and Miller, 1954; 
Brunstetter, 1936; Burton, 1957). There are two main 
problems encountered in the production of high quality 
sweet potato chips; (1) discoloration; and (2) high oil 
uptake during deep-fat frying. Discolration during 
processing arises from two major different sources; (1) 
the reaction of bivalent iron with o-dihydroxyphenol 
(Hoover, 1963); and (2) non-enzymatic browning (the 
Maillard reaction) which results from reducing sugars 
condensing with amino groups (Sparks, 1969; Hodge, 1967).
Hoover and Miller (1973) used sodium acid 
pyrophosphate (0.5-0.75%) in blanch water to eliminate 
graying in sweet potato chips after frying. Olorunda and 
Kitson (1977) reported that the discoloration of sweet 
potato chips prepared from white fleshed varieties could be 
eliminated by dipping in 100-500 ppm sodium sulfite 
solution for 1 minute. This phenomenon served to remove 
reducing sugars and block enzyme-caused phenolic 
discoloration.
Hannigan (1979) reported that the use of slope 
diffuser could remove 90-100% of the sugar from raw slices 
to produce light colored and flavorful sweet potato chips. 
The use of microwave energy for finished drying of Irish 
potato chips has been reported (Davis et al., 1965; Smith
62
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et al., 1965; Smith, 1966). Their results indicated that 
microwave finished drying of potato chips with as high as 
0.5% reducing sugar still produced chips of acceptable 
quality. Smith et al. (1965) reported that the oil content 
of microwave-finished chips was lower and rancidity 
development was slower than that of those conventionally 
fried.
The objective of this study was to study the 
effectiveness of pre-frying treatment (dehydration, sodium 
acid pyro phosphate, methyl cellulose) and post-frying 
treatment (microwave-finished drying) to improve color and 
reduce oil uptake of the chips after frying.
MATERIALS AND METHODS
Sweet potato roots of the Centennial cultivar were 
used in pre- and post-frying treatment studies were grown 
in 1986 at the Louisiana Sweet Potato Research Center in 
Chase, Louisiana. The roots were cured 10 days at 32°C, 
80-90% RH and stored at 13-16°C, 80-90% RH. The results of 
a preliminary study (frying temperature of 155°C in soybean 
oil, and slice thickness of 1.5 mm) were used in this 
study. The sweet potato chips made from pre- and post- 
frying treatments were stored at -6°C wrapped in a plastic 
film and aluminum foil for subjective and objective quality 
ratings.
Subjective quality ratings were conducted using 16-20
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panelists. The panelists consisted of professors, research 
associates and graduated students from the Horticulture, 
Food Science and Entomology Departments, LSU, Baton Rouge.
Objective quality ratings were determined as percent 
moisture, percent fat on a dry weight basis and B-carotene 
as mg/100 g chips. Instron texturometer was added for 
analyzing mechanical force deformation in order to 
determine texture or crispness of the chips.
Mechanical-Force Deformation Analyses. Sweet potato 
chips were subjected to a snap test by mounting over a 1- 
inch diameter hole in a 4 inch x 4 inch metal plate, and 
punched with a 3/16 inch diameter flat-ended cylindrical 
probe. The Instron Universal Testing Machine (Model 1122, 
Instron Cooperation, Canton, MA) was set at full scale load 
of 2 Kilograms, the crosshead descended at rate of 2 cm/min 
and the chart speed was 20 cm/min. Fifteen chips were 
randomly selected from each sub-treatment and used in the 
test. The crispness was determined using the steepness of 
force-distance curves expressed as kg/cm.
Pre-fryincr Treatments
Dehydration Treatment. Roots of the Centennial 
cultivar were lye-peeled, washed, sliced to 1.5 mm 
thickness, rinsed, and drained. The raw slices were 
distributed evenly on trays and loaded into a forced air 
oven (Model 1660, Sheldon Manufacturing, VWR Scientific
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Inc.) at a temperature of 110°C. The dehydration times of 
the raw pieces were 10, 15, 20, 25,and 30 min followed by 
frying in the soybean oil. These dehydrated fried chips 
were compared to a non-dehydrated which was the control. 
The quality ratings of these chips were used to determine 
the optimal dehydration time. Triplicate moisture 
determinations of dehydrated slices were conducted 
immediately after taking the trays from the oven. This 
represented the moisture content of dehydrated slices 
before frying. The required frying time of each dehydrated 
treatment was adjusted by the author to produce maximum 
color and crispness.
SAPP Blanching Treatment. The raw pieces were 
blanched in hot water with and without SAPP at a 
temperature of 95°C for 1 min. The concentrations of SAPP 
were 0.0, 0.25, 0.5, 0.75, 1.0, 1.25, and 1.50 percent
(weight/weight). The blanched pieces were drained for 5 
min, subjected to forced air oven drying at 110°C for 15 
min as in the dehydration treatment and fried in deep fat 
fryer. The blanched chips were compared against the
control (no blanch and no SAPP); the optimal SAPP 
concentration combined with dehydration treatment was
selected for further treatment.
Methyl Cellulose Coating Treatment. Two different 
materials were used: methyl cellulose (methocel A) and
hydroxypropyl methyl cellulose or carbohydrate gum
(methocel k) (Dow Chemical, Specialty Chemicals Department,
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2040 Willard H. Dow Center Midland, MI 48674). These 
materials were used to coat dehydrated-SAPP blanched pieces 
in an attempt to reduce oil penetration into the chip 
during frying.
One third the required volume of water was heated to a 
temperature between 80 to 9 0 °C. One percent 
(weight/weight) Methocel powder (Methocel A or K) was mixed 
and agitated until the Methocel particles were thoroughly 
wetted and evenly distributed. Then the remainder of the 
water was added either cold temperature or ice and further 
agitated. The Methocel powder started to absorb water and 
viscosity increased when the temperature reached 41-50°C 
and 77°C for Methocel A and K, respectively. When the 
proper temperature was reached, agitation was continued 
about 20 min to prevent a lumpy solution (Dow chemical 
manual, 1982).
The raw pieces were blanched in 0.5% SAPP 
concentration at a temperature of 95 °C for 1 min and 
dehydrated at a temperature of 110°C for 15 min. These 
SAPP blanched dehydrated pieces were dipped in 1% (w/w)
Methocel solution and then subjected to frying.
Post-frvinq Treatment
Microwave Finish Drying Treatment. The treatment was 
divided into 3 sub-treatments as unblanched, blanched 
without SAPP and blanched with 0.5% SAPP. Time in the deep
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fat and microwave were varied in order to get the best 
quality chips. The unfinished chips were removed from the 
frying pan, quickly placed on paper towels on microwave 
trays and immediately set into a microwave (Model RRL-5C, 
Amana, Iowa; 1500 watts with a frequency of 2450 megahertz) 
on full scale for finish drying. The unblanched chips had 
frying times of 3.0 or 2.0 min and microwave times of 1.0,
2.0, and 2.5 min, respectively. The chips blanched without 
SAPP were blanched at a temperature of 95°C for 1 min. 
They were fried for 3.0 and 2.0 min and microwaved for 0.5 
and 2.0 min, respectively. The chips blanched with 0.5% 
SAPP and fried for 2.5 or 3 min were dried after frying in 
a microwave for 1.0 or 2.0 min. The microwave treatments 
were compared within the treatments and also compared with 
the control (unblanched and no microwave).
Design and Statistical Analysis. The design for Pre- 
and Post-frying treatment studies was a Completely 
Randomized Design. The number of roots used in the 
treatments were: 84 for dehydration, 128 for SAPP-
blanching, 56 for coating, and 112 for microwave heating. 
Therefore, approximately 12 to 14 roots were used in each 
sub-treatment. All slices were mixed thoroughly after 
slicing and randomly assigned to treatments.
After frying and cooling, approximately 50 to 60 chips 
were put into a plastic sample bag, for a total of 9 bags 
per treatment. Chips from 5 bags were used for the taste 
test; 2 bags of chips were used for the determination of
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moisture, fat, and carotene content; and 1 bag of chips 
each was used for color determination and for texture 
determination. Four to five chips were served for each 
sub-treatment to each panelist. Moisture, fat, carotene 
content and color determination were analyzed using 
triplicate samplings per sub-treatment. For objective 
color determination, Hunter color readings were taken; 9 
readings per sub-treatment [using 3 petri disks with 3 
readings (for each L, a, b) per dish].
For Instron texture measurement, one chip was used per 
force-deformation curve of crispness. For each sub­
treatment, 15 chips were randomly subjected to the test and 
an average of the steepness of the force-distance curves 
was used as the quantitative variable.
The data were subjected to ANOVA (analysis of 
variance) using SAS GLM procedure (SAS/STAT Guide for 
personal Computers, 1985). Significantly different 
treatment means were determined using Duncan's (1955) 
Multiple Range Test. Significant differences imply a 
probability level of 0.05.
RESULTS AND DISCUSSION
Effects of Dehydration. The dehydration treatment 
results (Table 1) showed that the required frying time of 
the chips in the deep-fat fryer was reduced sharply as the 
dehydration time increased. For instance, a 4.5 min.
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frying time was required for the 0 min dehydration 
(control) and only 1.5 min. for the 30 min dehydration. 
Reducing the time of frying had an influence on the various 
factors associated with quality of the sweet potato chips. 
The dehydration exerted a significant influence on 
subjective color scores and B-carotene content of the 
chips. All dehydration treatments produced chips with a 
brighter yellow-orange color which received better ratings 
from the panel and higher in B-carotene content than did 
the nondehydrated chips. This phenomenon may be attributed 
to the fact that a longer dehydration time required less 
frying time in the deep fat fryer leading to less 
destruction and extraction of B-carotene.
The objective color measurement of dehydrated chips 
were better than the nondehydrated ones as indicated by 
higher "L" and "b" and lower "a" values. This finding is 
supported by the work of Sistrunk (1971) using Hunter Color 
Difference Meter to determine the color of canned sweet 
potatoes. He found that sweet potatoes having darker 
yellow-orange color had lower "L" and higher IIa" values. 
However, the 20 min dehydrated chips had "L", "a", and "b" 
values similar to nondehydrated chips. This might be 
attributable to variable slice thicknesses of the raw 
pieces leading to case-hardening during dehydration or to 
uneven drying within the pieces, resulting in inconsistent
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Table 1. Effect of dehydration before frying on subjective
color scores, B-carotene, and Hunter Color
readings of sweet potato chips.
Dehyd. Frying1 Sub.2 B-carotene3 Hunter Color readings^- 
time time color (mg/lOOg L a b
(min) (min) scores chips)
0 4.50 4.06 b5 23.52 C 60.61 e -5.67 a 17.25 e
10 3.50 5.31 a 26.14 be 70.41 b -11.95 d 25.86 b
15 3.00 5.75 a 27.57 b 61.59 d -6.67 b 19.25 d
20 2.50 5.38 a 27.32 b 59.98 e -5.93 a 17.21 e
25 2.00 4.94 ab 30.72 a 64.65 c -8.32 C 21.59 c
30 1.50 5.00 a 28.06 ab 72.39 a -13.46 e 28.93 a
1 Frying time adjusted for optimum color (mean of 5 
batches).
2 Mean score of 16 panelists on a scale of 9=best to 
l=poor.
3 Mean of 3 samples.
4 Mean of 9 readings (using 3 samples with 3 readings per 
sample).
5 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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color on the chip pieces after frying. Dehydration results 
in a progressive increase in dry matter. Starch and sugars 
make up a large portion of the sweet potato dry matter and 
these are concentrated as the moisture level is decreased 
by the drying treatment. Because of the effect of moisture 
content on the frying time, it was important that the 
partial dehydration of the dehydrated chips be as uniform 
throughout the mass as possible.
Based on subjective color scores, 15 min dehydrated 
chips received the highest ratings (5.75); and also 
contained slightly higher B-carotene (27.57 mg/100 gm
chips) than the nondehydrated ones (23.52 mg/100 chips).
Crispness is a desired textural characteristic of 
potato chips and its loss due to the adsorption of moisture 
is a major cause of snack food product rejection by 
consumers (Nielsen, 1979). Objective crispness is 
characterized by resistance to deformation under load up to 
the point of sudden fracture. From this study, crispness 
of chips was measured by the steepness of the force- 
distance curve (Kg/cm) . In Table 2 and Fig. 1, the very 
steep curve indicates the resistance of the chip to 
bending. A sharp decrease in force occurred when the chips 
suddenly fractures. With a slightly damp chip, the initial 
steepness curve would decrease, indicating the loss of 
crispness. For example, nondehydrated chips having a force 
deformation of 7.18 Kg/cm was more crisp than the 10 min
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Table 2. Effect of dehydration before frying on subjective
scores (texture and overall acceptability) and














0 4.50 6.94 a4 7.18 a 76.36 a 1.34 d
10 3.50 4.16 c 2.98 c 54.49 b 2.93 a
15 3.00 5.69 ab 4.70 be 47.24 be 1.36 d
20 2.50 5.34 b 6.84 a 42.31 cd 2.04 b
25 2.00 6.25 ab 6.06 ab 37.57 cd 1.91 b
30 1.50 5.69 ab 4.29 C 33.99 d 1.71 c
1 Mean score of 16 panelists on a scale of 9=best to 
l=poor.
2 Mean slope of force-distance curve from Instron for 15 
chips.
3 Mean of 3 samples.
4 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan’s (1955) 
Multiple Range Test].












Fig. 1 Force-deformation curves for sweet potato chips 




dehydrated chips having a force deformation of only 2.98 
Kg/cm.
The dehydration treatments tended to produce less 
crisp chips. The lower subjective and objective crispness 
can be attributed to the moisture content of the dehydrated 
chips which was higher than the nondehydrated chips after 
frying. This phenomenon may have been due to the 
dehydration increasing starch and sugar concentrations 
leading to case hardening of the pieces and trapping of 
moisture during frying.
Required frying times of the dehydrated pieces in the 
deep-fat fryer were reduced sharply as the moisture content 
in the raw pieces decreased. The 0 min dehydrated chips 
with a moisture content before frying of 76.36% took 4.50 
min; whereas, those with 30 min drying time having a 
moisture content of 33.99% took only 1.50 min to fry.
The 15 min dehydrated chip received the same 
subjective crispness scores as 20, 25, and 30 min
dehydrated chips. Considering the moisture contents and 
the cost of longer drying time, the 15 min dehydration 
would be more economical and produce chips with an 
acceptable moisture content of 1.36%.
The results in Table 3 showed that there were non 
significantly differences in subjective flavor and oiliness 
among treatments. Fat absorption during deep-fat frying 
was greatly influenced by the dehydration time which was 
related to the moisture in the raw pieces. As moisture
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Table 3. Effect of dehydration before frying on subjective






Subiective scores^ Fat after2
flavor oiliness frying (%DB)
0 4.50 6.44 a3 7.25 a 38.90 a
10 3.50 5.69 a 6 • 25 a 35.46 b
15 3.00 5.56 a 6.50 a 35.07 b
20 2.50 5.56 a 6.56 a 31.48 C
25 2.00 5.81 a 6.69 a 29.54 d
30 1.50 5.56 a 6.69 a 29.30 d
1 Mean score of 16 panelists on a scale of 9=best to 
l=poor.
2 Mean of 3 samples.
3 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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contents of the raw pieces before frying decreased due to 
partial dehydration (Table 2). There was a corresponding 
decline in the amount of fat absorbed. This relationship 
of initial moisture content and the amount of fat absorbed 
can be seen by examining the nondehydrated chips having 
moisture content of 76.36% and containing 38.90% fat in 
comparison to the 30 min dehydrated chips with 33.99% 
moisture and only 29.30% fat. The 15 min dehydrated chip 
contained 35.07% fat which was also lower than the 
nondehydrated chips (38.90%).
Based on subjective color scores, B-carotene contents,, 
moisture and fat contents in the finished chips, 
dehydration at a temperature of 110 °C for 15 min. is 
recommended for chip making.
Effects of SAPP Blanching. Blanching with and without 
SAPP combined with dehydration showed that blanching with a 
SAPP concentration of 0.00 to 1.50% produced chips that had 
brighter yellow-orange color as indicated by higher 
subjective color scores than the control (Table 4). This 
may be attributed to the extraction of sugars and other 
water soluble materials. Walter and Hoover (1986) found 
that blanched pieces contained less starch, sucrose, 
fructose and glucose than did raw pieces. Blanching with 
SAPP yielded brighter yellow-orange colored chips than the 
untreated SAPP and the control. This is believed to be due 
to SAPP acting as a chelating agent of metallic ions which
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Table 4. Effect of blanching with and without SAPP on
subjective color scores, 6-carotene, and Hunter
Color readings of sweet potato chips.
Treat- Frying1 Sub.2 B-carotene3 Hunter Color readings^, 
ment time color (mg/ioog L a b
(min) scores chips)
Control5
4.50 4.47 d7 
Blanched and dried6
28.34 a 64.41 f -7.97 a 20.11 e
0.00 2.75 6.59 C 24.39 a 69.23 c -9.05 C 23.88 c
0.25 2.00 7.12 abc 28.78 a 70.55 b -10.1 e 26.72 a
0.50 2.25 7.77 a 26.06 a 71.51 a -9.28 c 26.50 a
0.75 2.25 7.59 ab 26.24 a 67.85 d -8.24 a 22.93 d
1.00 2.50 7.29 abc 26.82 a 70.76 b -9.56 d 25.53 b
1.25 2.50 6.65 c 24.49 a 68.31 d -7.95 a 23.13 d
1.50 2.50 6.82 be 26.84 a 67.28 e -8.69 b 23.23 d
1 Frying time adjusted for optimum color (mean of 5 
batches).
2 Mean score of 17 panelists on a scale of 9=best to 
l=poor.
3 Mean of 3 samples.
4 Mean of 9 readings (using 3 samples with 3 readings per 
sample).
5 Unblanched and undried.
6 SAPP blanched at 95"C for 1 min and dried at 110°C for 15 
min.
7 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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are responsible for the formation of the dark-colored 
quinone complex (Hoover, 1963).
A similar trend was found in the objective color 
readings. Blanching with and without SAPP resulted in 
chips with brighter yellow-orange color as indicated by 
higher "L" and "b" and lower "a" values compared with the 
control (lower "L" and "b" and higher "a”). There were no 
significant differences in B-carotene content of the chips.
The results of blanching with SAPP on crispness (Table 
5), showed that taste panelists could not find significant 
differences among the SAPP treatments and could not 
differentiate between them and the control. However, 
blanching with any concentration of SAPP produced chips 
that were significantly different from the control as 
measured by the Instron. The greatest crispness was 
exhibited by chips blanched in 1% SAPP. Moisture content 
of the chips after frying was variable and did not seem to 
be related to objective or subjective crispness.
Based on sensory panel scores (Table 6), there were no 
significant differences between control and any of the SAPP 
blanched chips in flavor or apparent oiliness. However, it 
appeared that SAPP treatment had an effect on reduction of 
oil uptake by the chips as measured by Soxhlet. Generally, 
the higher the concentration of SAPP used for blanching the 
less fat was absorbed in the chips after frying.
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Table 5. Effect of blanching with and without SAPP on 
subjective scores (texture and overall 













Control4 4.50 6.77 a5 1.91 d 2.75 a
Blanched and dried5
0.00 2.75 7.24 a 3.98 dc 1.55 e
0.25 2.00 6.77 a 8.53 ab 2.80 a
0.50 2.25 6.71 a 8.10 ab 2.29 C
0.75 2.25 7.00 a 6.16 abc 2.4 be
1.00 2.50 7.18 a 9.45 a 1.99 d
1.25 2.50 6.59 a 5.52 be 2.54 b
1.50 2.50 6.29 a 7.93 ab 2.74 a
1 Mean score of 17 panelists on a scale of 9=best to 
l=poor.
2 Mean slope of force-distance curve from Instron for 15 
chips.
3 Mean of 3 samples.
4 Unblanched and undried.
5 SAPP blanched at 95°C for 1 min. and dried at 110°C for 
15 min.
6 Means within any column followed by the same letter are 
not significantly different [P > 0.05? Duncan's (1955) 
Multiple Range Test].
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Table 6. Effect of blanching with and without SAPP on
subjective scores (flavor and oiliness) and fat 
contents of sweet potato chips.
Treatment Frying time 
(min)
Subiective scoresi Fat after2
flavor oiliness frying (%DB)
Control3 4.50 6.41 a5 6.65 a 39.35 a
Blanched and dried4
0.00 2.75 6.10 a 6.15 a 36.46 c
0.25 2.00 6.65 a 7.18 a 33.43 e
0.50 2.25 6.88 a 6.71 a 38.20 b
0.75 2.25 6.65 a 7.00 a 35.99 cd
1.00 2.50 6.77 a 7.18 a 35.23 d
1.25 2.50 6.65 a 6.88 a 30.39 f
1.50 2.50 6.41 a 6.77 a 31.22 f
1 Mean score of 17 panelists on a scale of 9=best to 
l=poor.
2 Mean of 3 samples.
3 Unblanched and undried.
4 SAPP blanched at 95°C for 1 min. and dried at 1106C for 
15 min.
5 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan’s (1955)
Multiple Range Test].
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From Tables 5 and 6, it can be seen that concerned, 
texture, flavor, and oiliness were not influenced by SAPP 
blanching in the subjective ratings. The use of SAPP in 
blanch water significantly controlled discoloration in the 
sweet potato chips. Based on subjective color scores and 
Hunter color reading values, the optimum concentration for 
blanching seemed to be 0.25 to 0.5% SAPP combined with 
dehydration temperature at 110°C for 15 min before frying. 
This appeared to be sufficient to assure a good color in 
the finished products. The use of 0.75% to 1.50% SAPP did 
not produce any off flavors in the chips. However, 
concentrations over 0.75% did not significantly improve 
color. Therefore, blanching with 0.5% SAPP combined with 
dehydration at 110 °C for 15 min is recommended for sweet 
potato chip production.
Effects of Methvl Cellulose Coating. Methyl 
cellulose (Methocel A) and hydroxypropyl methyl cellulose 
(Methocel K) were used for film formation or coating to 
prevent oil penetrated into the chips during deep-fat 
frying. Results (Table 7) showed that the non-coated chips 
(0.5% SAPP blanched, dehydrated) had better subjective 
color scores and Hunter color readings (higher "L" and "b", 
lower "a") than the coated chips (0.5% SAPP blanched, 
dehydrated). This may be due to the Methocel coating 
acting as a barrier to moisture evaporation from the 
chips during frying. This necessitated longer frying times 
to achieve optimum
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Table 7. Effect of Methyl Cellulose coating on subjective
color scores, B-carotene, and Hunter Color










Hunter Color readinas^- 
L a b
Control.5
4.50 4.71 c7 23.78 a 63.35 d -6.60 a 16.73 C
Coated6
None 3.00 6.94 a 23.45 a 70.30 a -9.81 d 23.77 a
Meth.A 4.20 5.53 be 24.00 a 68.64 b -9.35 c 23.45 a
Meth.K 3.80 6.06 b 26.95 a 68.11 c -8.39 b 22.67 b
1 Frying time adjusted for optimum color (mean of 5 
batches).
2 Mean score of 17 panelists on a scale of 9=best to 
l=poor.
3 Mean of 3 samples.
4 Mean of 9 readings (using 3 samples with 3 readings per 
sample).
5 Unblanched, undried, and uncoated.
6 Blanched w/ 0.5% SAPP at 95°C for 1 min. and dried at 
110°C for 15 min. prior to coating.
7 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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crispness. Longer frying times resulted increased in 
discoloration. However, the coated chips still had better 
subjective color ratings and Hunter color readings than did 
the control (unblanched, undried, and uncoated). This was 
due to the control requiring a longer frying time than 
those of coated and non-coated chips. The longer the 
frying time the more discoloration seemed to develop. 
There were no significant differences in B-carotene content 
of the coated chips and the control.
The effect of Methocel coating on crispness (Table 8), 
indicated that the panelists and the Instron could not 
detect significant differences between the coated chips and 
the control. Moisture content of the chips after frying 
did not seem to be related to subjective crispness but not 
to objective crispness or frying time. Since there was no 
significant differences in a subjective crispness among 
treatment, this trend does not seem important.
Based on subjective scores (Table 9), there were no 
significant differences between the control and the coated 
chips in flavor or oiliness. However, there were 
significant differences in fat contents of chips after 
frying. It appeared that the coated pieces required longer 
frying time than the non-coated ones. Therefore, they 
tended to absorb more oil.
Effects of Microwave Finish Drying of the Chips. The 
results depicted in Table 10 showed that any treatments 
that included microwave finish drying was better than
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Table 8. Effect of Methyl Cellulose coating on subjective
scores (texture and overall acceptability) and












Control4 4.50 7.18 a6 5.48 a 1.58 b
Coated^
None 3.00 6.82 a 3.45 a 1.97 a
Meth.A 4.20 6.59 a 8.42 a 1.94 a
Meth.K 3.80 6.27 a 2.79 a 1.56 b
1 Mean score of 17 panelists on a scale of 9=best to 
l=poor.
2 Mean slope of force-distance curve from Instron for 15 
chips.
3 Mean of 3 samples.
4 Unblanched, undried, and uncoated.
5 Blanched with 0.5% SAPP at 95°C for 1 min. and dried at 
110°C for 15 min. prior to coating.
6 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Table 9. Effect of Methyl Cellulose coating on subjective
scores (flavor and oiliness) and fat contents of
sweet potato chips.
Treatment Frying time 
(min)
Subiective scores-! Fat after2
flavor oiliness frying (%DB)
Control3
Coated4
4.50 6.45 a5 6.44 a 39.01 d
None 3.00 6.24 a 6.32 a 41.14 c
Meth.A 4.20 6.10 a 5.29 a 45.95 a
Meth.K 3.80 5.53 a 5.88 a 45.11 b
1 Mean score of 17 panelists on a scale of 9=best to 
l=poor.
2 Mean of 3 samples.
3 Unblanched, undried, and uncoated.
4 Blanched with 0.5% SAPP at 95°C for 1 min and dried at 
110"C for 15 min prior to coating.
5 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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conventionally fried control. Color was improved by 
blanch-microwave above the unblanch-microwave treatments. 
Chips blanched with 0.5% SAPP and microwaved after frying 
received higher subjective color and subjective crispness 
scores than other microwave treatment except for the 
control (Table 11). The raw pieces should have consistent 
thickness in order to prevent burning after chips emerge 
from the microwave. Pieces with variable thickness 
exhibited browning in the thinner areas. This was 
attributed to inconsistent moisture levels of the fried 
pieces after leaving the frier.
In the study of SAPP blanch-microwave treatment, 
variation in microwave cooking time produced no significant 
differences in subjective color. However, the 2.5 min 
deep-fat fried followed by 2 min microwaved reduced the oil 
content in the chips (Table 12) as measured by Soxhlet 
extraction. Therefore, this treatment was considered the 
most desirable.
The Hunter color readings supported the subjective 
color scores. In general, those chips with high subjective 
color scores also had high "L" and "b" values and low "a" 
values (indicating brighter yellow-orange color).
Any microwave treatment reduced the destruction of 6- 
carotene. This could be attributed to the reduced frying 
time required. Chips were exposed to the high temperature 
oil for a shorter period of time resulting in less leaching 
and less oxidation of B-carotene.
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Table 10. Effect of microwave processing after frying on
subjective color scores, B-carotene, and Hunter
Color readings of sweet potato chips.
Micro- Frying1 Sub.2 









0.0 4.5 4.84 e6 18.57 d 66.56 f -8.46 a 19.31 f
Unblanched
1.0 3.0 6.37 d 22.72 be 70.36 e -10.81 b 24.05 e
2.0 2.0 6.37 d 25.60 abc 71.42 d -11.54 c 24.52 d
2.5 2.0 6.68 bed 26.36 ab 74.79 ab -11.95 d 27.02 c
Blanched w/o SAPP5
0.5 3.0 6.47 cd 23.16 be 74.78 ab -13.27 g 28.78 a
2.0 2.0 8.42 a 28.97 a 75.20 a -12.91 f 28.10 b
Blanched w/ 0.5% SAPP5
1.0 3.0 7.32 be 22.43 C 74.51 b -12.08 d 28.14 b
2.0 2.5 7.47 b 25.97 abc 74.07 c -12.30 e 28.08 b
1 Mean score of 19 panelists on a scale of 9==best to
l=poor.
2 Mean of 3 samples.
3 Mean of 9 readings (using 3 samples with 3 readings per 
sample).
4 Unblanched and no microwave.
5 Blanched at 95°C for 1 min.
6 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Table 11. Effect of microwave processing after frying on 
subjective scores (texture and overall 















0.0 4.5 7.74 a6 7.41 a 1.28 g
Unblanched
1.0 3.0 5.84 bed 4.82 b 1.76 f
2.0 2.0 4.90 d 0.95 C 2.80 C
2.5 2.0 5.23 Cd 0.95 C 4.70 a
Blanched w/o SAPP5
0.5 3.0 6.82 ab 1.53 C 2.44 d
2.0 2.0 3.68 e 1.06 C 3.57 b
Blanched w/ 0.5% SAPP5
1.0 3.0 6.79 ab 0.92 C 2.03 e
2.0 2.5 6.12 be 1.78 C 2.67 c
1 Mean score of 19 panelists on a scale of 9=best to
l=poor.
2 Mean slope of force-distance curve from Instron for 15 
chips.
3 Mean of 3 samples.
4 Unblanched and no microwave.
5 At 95°c for 1 min.
6 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Range Test].
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Microwave treatments alone or combined with blanching 
produced chips that were less acceptable when compared with 
the control in terms of subjective crispness (Table 11). 
However, those chips that received a blanched-microwave 
treatment were nearly as crisp as the control. Unblanched- 
microwave chips were unacceptable in term of both 
subjective and objective crispness due to higher moisture 
contents.
Moisture content of microwave processed chips was 
slightly higher than conventionally fried chips. This 
supports the work done by Kaghan (1969) and Smith and Davis 
(1977) who also found that unblanched chips fried in 
microwave contained higher moisture contents than 
conventional fried chips of equal texture. The additional 
moisture will not destroy the texture (as long as the total 
moisture in the chip was not over 3%) and may be beneficial 
in delaying rancidity development.
The pattern of subjective flavor scores (Table 12) 
followed the pattern of the subjective texture scores in 
that the control was the best and blanched-microwave was 
almost as good as all the treatments. The blanch-microwave 
chips contained the most fat after frying as measured by 
Soxhlet. This may be due to the disruption of the cells at 
the surface of the chips during blanching which permitted 
oil absorption as noted by Matz (1984). The microwave- 
treated chips without blanching absorbed less oil than 
conventionally fried control except for the 1 min microwave
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Table 12. Effect of microwave processing after frying on
subjective scores (flavor and oiliness) and fat










0.0 4.5 7.12 a5 6.63 a 37.10 e
Unblanched
1.0 3.0 6.42 ab 6.23 a 38.02 d
2.0 2.0 5.74 be 6.07 a 33.38 f




3.0 6.68 ab 6.58 a 40.70 b




3.0 6.82 ab 6.47 a 42.85 a
2.0 2.5 6.61 ab 6.37 a 39.48 c
1 Mean score of 19 panelists on a scale of 9=best to 
l=poor.
2 Mean of 3 samples.
3 Unblanched and no microwave.
4 At 95°c for 1 min.
5 Means within any column followed by the same letter are 
not significantly different [P > 0.05; Duncan's (1955) 
Multiple Rrange Test].
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treatment because 3 min frying time was required. The 
exception was the 1 min microwave treatment which required 
a 3 min frying and hence, more oil was absorbed. This is 
in good agreement with Porter et al. (1973), Davis et al. 
(1965) and Smith (1966) who found that the oil content of 
microwave-treated potato chips was 5.72 to 6.06% less than 
conventional chips. However, with microwaving combined 
with blanching, the chips absorbed more oil than those 
conventionally fried.
From the "pooled” data of all treatments, the
subjective color scores for the chips did not correlate 
with carotene content (r=0.11, p>0.05). However,
subjective color scores were significantly correlated with 
the Hunter values ”L” (r=0.68, p<0.001); "a” (r=-0.46,
p<0.05) and "b" (r=0.66, p<0.001). An exception was found 
in microwave treated chips where subjective color was 
correlated very highly with both carotene and Hunter values 
(r>0.80).
Crispness by taste panels was correlated with
objective crispness as measured by Instron (r=0.47, p<0.05) 
and inversely correlated with moisture content (r=-0.54, 
p<0.01). This negative correlation showed that a low 
moisture content was closely related to a high subjective 
crispness. It was concluded that the sweet potato chips 
after frying should have a low level of moisture to have 
acceptable subjective crispness. As expected Instron data
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were inversely correlated with final moisture (r=-0.42, 
p<0.05).
Subjective flavor and subjective oiliness content of 
the chips were slightly correlated (r=0.56, p<0.0l). This 
indicated that the taste panel tied flavor and oiliness 
together in evaluation of the chips. The subjective 
oiliness scores were inversely correlated with residual fat 
content of the chips (r=-0.51, p<0.01) but the subjective 
flavor scores were not correlated with residual fat. 
Apparently, while the subjective analysis of flavor and oil 
are linked; the flavor preference is not strictly due to 
fat content of the chips (r=0.10, p>0.05). This indicated 
a complicated relationship between flavor and oil content 
that was not based strictly on the quantity of oil.
SUMMARY
The frying time of chips in the deep-fat fryer was 
reduced sharply as dehydration time before frying 
increased. All the dehydration treatments produced chips 
with a brighter yellow-orange color which received better 
ratings from the panel, higher in B-carotene and had better 
Hunter color readings (higher "L" and Mb" and lower "a” 
values) than did the nondehydrated chips. Fat absorption 
during deep-fat frying was greatly influenced by the 
moisture content in the raw pieces which was related to the 
dehydration time. As moisture contents of the raw pieces
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before frying decreased due to partial dehydration, there 
was a corresponding decline in the amount of fat absorbed. 
Therefore, in chip making, a dehydration temperature of 
110°C for 15 min is recommended.
The use of SAPP in blanch water significantly 
controlled discoloration in the sweet potato chips. 
Blanching with SAPP yielded brighter yellow-orange colored 
chips than untreated ones. This was indicated by higher 
sujective color scores, higher "L" and "b" and lower "a" 
values. It also appeared that SAPP treatment had an effect 
on reduction of oil content of the chips as measured by 
Soxhlet. From the results, the higher the concentration of 
SAPP used for blanching the less fat was absorbed in the 
chips after frying. The optimum concentration for 
blanching was between 0.25-0.5% SAPP. Based on subjective 
color scores and Hunter color readings, blanching with 0.5% 
SAPP combined with dehydration at 110°C for 15 min. is 
recommended for chip making.
The results showed that the Methocel coated chips 
absorbed more oil than either noncoated chips or the 
control chips. Due to the longer frying time required in 
the coated pieces, it appeared that more oil was absorbed.
Microwave finish drying produced chips with higher 
subjective color scores, higher B-corotene contents, and 
higher "L" and "b" and lower "a" values (indicating 
brighter yellow-orange color). For subjective crispness, 
chips that received a blanch-microwave treatment were
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nearly as crisp as the control. Moisture content of 
microwave processed chips was slightly higher than 
conventionally fried chips. The blanch-microwave chips 
contained the most fat after frying as measured by Soxhlet. 
Based on subjective evaluations (color, crispness) and 
objective analysis of fat content, the 2.5 min. deep-fat 
fried followed by 2 min. microwaved was considered the best 
method of this study.
According to the pooled data of all treatments, the 
subjective color scores for the chip did not correlate with 
carotene content. However, they were correlated with 
Hunter "L", "a", and "b" value. Subjective crispness was 
correlated with objective crispness (by Instron) and 
inversely correlated with moisture content.
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CULTIVAR AND STORAGE TIME EVALUATION FOR 
SWEET POTATO CHIP PROCESSING.
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ABSTRACT
Four sweet potato cultivars (Centennial, Jewel, L-81- 
10, and L-80-62) with different storage times (fresh, 
cured, and stored for 2, 4, 6, and 8 months) were evaluated 
for effects on color and oil content of chips after frying. 
Chips made from root at harvest yielded the best subjective 
color ratings regardless of cultivar. L-80-62 had the most 
preferred bright yellow-orange color followed by 
Centennial, L-81-10, and Jewel. Beta-carotene levels of 
the chips made from Centennial were higher than those of L- 
81-10, L-80-62, and Jewel, respectively. The major sugars 
in all cultivars were sucrose, fructose, and glucose. 
Higher reducing sugars produced darker chips. Percent 
moisture in chips after frying varied between 1-2%. The 
lowest percent moisture (<1%) was found when chips were 
made from Centennial after 2 months storage. At 4 months 
storage, L-81-10 produced chips with the lowest fat content 
(36.21% DB) after frying while Jewel contained the highest 
fat content (48.24% DB).
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INTRODUCTION
There is considerable difficulty in the manufacture of 
sweet potato chips with good uniform color, crispness, 
flavor, and low oil content, since these quality factors
depend on a variable natural raw material. The degree of
discoloration in processed sweet potato products varied 
greatly among varieties and storage duration (Hoover and 
Mason, 1961; Olorunda and Kitson, 1977; Picha, 1985b; 
Walter and Hoover, 1986). Picha (1986) reported that
storage of roots at 32, 15.6, or 7°C after harvesting
resulted in increased sucrose, glucose, and fructose 
concentrations and darker chips. Irish potatoes are 
considered unsuitable for making good color chips if they 
contain more than 0.5% reducing sugars (Hoover and Harman, 
1967). Walter and Hoover (1984) indicated that at harvest, 
sweet potatoes contain less than 0.1% reducing sugars 
(glucose and fructose). The reducing sugar content can 
become higher than 2% after 6 months storage and lead to a 
darker brown color after deep-fat frying at high 
temperatures. During storage, starch conversion increases 
with length of storage due to ©(-amylase activity (Deobald 
et al., 1969; Walter et al., 1975). Starch hydrolysis to 
sugar in sweet potatoes is reversible and proceeds at low 
temperature in the direction of starch to sugar as in Irish 
potatoes (Smith, 1977). The sugar content could be lowered 
by storing the roots at 20°C for 48 hr before processing
97
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(Olorunda and Kitson, 1977).
The objective of this research was to select the 
storage duration time for each cultivar for producing high 
quality chips which could be used in the chip industry.
MATERIALS AND METHODS
The four cultivars (Centennial, Jewel, L-81-10, and L- 
80-62) of sweet potatoes used in this study were grown at 
the Hill Farm of the Louisiana Agricultural Experiment 
Station, Baton Rouge, LA. After harvest, they were cured 
at 32°C, relative humidity 80-90%, for 10 days and stored 
at 13-16°C with the same relative humidity for 2, 4, 6, and 
8 months. Sweet potato chips were made after harvest, 
after each of those periods. Subjective evaluation of 
color, texture, flavor, oiliness, and overall acceptability 
was done using a taste panel consisting of 16-20 persons. 
For objective analyses, percents moisture and fat, as well 
as B-carotene content were determined. Conditions for 
preparing sweet potato chips for all cultivar and storage 
time were: frying temperature of 1556C with soybean oil
and slice thickness of 1.5 mm. After frying, the chips 
were stored at -6°C wrapped in plastic film and aluminum 
foil for later objective and subjective quality evaluation.
Sugar analysis of the raw roots by HPLC (High 
Performance Liquid Chromatography) was included in this 
study in order to observe the effect of sugar levels on
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chip color after frying.
Sugar Analysis of Raw Roots by HPLC. Sugar contents 
of raw roots of L-81-10 and L-80-62 were determined using 
the method of Picha (1985a). The unpeeled raw roots were 
cut in half and longitudinally grated to approximately 3 
mm. depth. Grated tissue from six different uniform roots 
were mixed for each sample determination in order to 
eliminate root variation. Four samples of each cultivar 
were used for the sugar analysis. Exactly 10.00 g of mixed 
sample, was homogenized at high speed for 1 min in 80% 
ethanol using a homogenizer (Virtis 45, the Virtis Co., 
Inc. Gardiner, New York). The homogenized sample was 
poured into a 250 ml beaker, boiled for 15 min, cooled, and 
filtered through Whatman #4 paper. The residue and all 
containers were quantitative rinsed with 80% ethanol and 
made to a final volume of 100 ml. An aliquot was filtered 
into 1 ml scintillation vials (Wheaton scientific 1000 
North tenth Street, Millville, N.J. 08332) through 0.45 urn 
filter (Durapore hydrophilic Millipore Corporation, 
Bedford, MA 01730) and capped with teflon lined crimpcaps 
for injecting into the HPLC.
A Beckman liquid chromatograph (series 340, Fullerton 
Ca 92634) equipped with a pump (model 112), an injector 
with a 20 ul sample loop (model 210) and a refractive index 
detector (model 156) was used. The column used to separate 
the sugars was packed with Aminex HPX-87C resin (Bio-Rad 
Labs, Richmond, CA) which is a cation exchange resin. The
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column required heating to 75°C for good separation. The 
mobile phase was H20 (degassed HPLC grade) having a flow 
rate of 1.2 ml/min (Picha, 1985a). During operation of the 
HPLC, for every 6 samples of sugar, one sample of standard 
sugar solution (1% standard of any sugar) was injected in 
order to check the accuracy of the HPLC.
Design and Statistical Analysis. The design for this 
study was a Completely Randomized Design with 4x6 factorial 
arrangement of treatments where Cultivars (Centennial, 
Jewel, L-81-10, and L-80-62) and storage times (at harvest, 
after curing, and after 2, 4, 6, and 8 month storage) were 
the treatments. For sugar analysis of raw roots by HPLC, 4 
determinations were used for each cultivar at each storage 
time. Each determination used the mixing of grated tissue 
of 6 random roots. The sugar content was determined from 
the average of 4 different replications. The results were 
reported as percent of each individual sugar on a dry 
weight basis (g/100 g dry weight). Sugar contents of 
Centennial and Jewel were obtained from data obtained in 
1983 (Picha, unpublished).
Approximately 14-16 roots of each cultivar were used 
for chip making of each cultivar at each storage time. 
After frying and cooling, approximately 50 to 60 chips were 
put into a plastic sample bag, for a total of 8 bags per 
cultivar and storage time. Chips from 5 bags were used for 
the taste test; 2 bags of chips were used for the 
determination of moisture, fat, and carotene content; and 1
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bag of chips each was used for color determination. Four 
to five chips were served for each cultivar and storage 
time to each panelist. Moisture, fat, carotene content and 
color determination were analyzed using triplicate 
samplings per sub-treatment. For objective color 
determination, Hunter color readings were taken; 9 readings 
per sub-treatment [using 3 petri disks with 3 readings (for 
each L, a, b) per dish].
The data were subjected to ANOVA (analysis of 
variance) using SAS GLM procedure (SAS/STAT Guide for 
Personal Computers, 1985). Means of main effects were 
recorded in tables and also in the appendix. Significant 
interactions were reported in tables and figures. 
Significant treatment means were separated using Duncan's 
(1955) multiple range test. Unless otherwise stated, 
significant differences imply a 0.05 probability level.
RESULTS AND DISCUSSION
Table 1 indicates that subjective quality ratings for 
flavor and overall acceptability are influenced by sweet 
potato cultivars and storage times. The judges found no 
significant differences in texture, flavor, and oiliness 
between the 4 cultivars tested. However, overall 
acceptability was significantly higher (p=0.06) for L-80-62 
followed by Centennial, Jewel, and L-81-10. Results 
indicated that subjective color scores were influenced by
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cultivar; L-80-62 had the most preferred bright yellow- 
orange color followed by Centennial, L-81-10 and Jewel.
Texture, oiliness, and overall acceptability scores 
were not significantly different (p>0.05) over all storage 
times (Table 1). Flavor scores were affected by storage 
time. After 4 months storage, sensory panel rated the 
flavor of the chips was slightly higher. From a practical 
stand point these differences cannot be considered truly 
important since panel scores for all treatments typically 
ranged from 6-7.
For cultivars overall (Table 1), chips made at harvest 
time yielded the best subjective color rating (7.14). The 
2 month storage resulted in the lowest color rating. All 
other storage times produced very similar ratings (about 
6.0).
There was a significant interaction (p<0.001) between 
cultivars and storage times on the color ratings as 
measured by sensory evaluation (Table 2 and Fig.l). Chips 
made from Jewel after 2 months storage had lower color 
scores when compared to chips made immediately after curing 
and after 6 months storage. Chip color scores of 
Centennial were similar at all storage times except at 2 
months storage. At harvest, L-81-10 produced a higher 
color score (7.8) however, all other storage times produced 
significantly lower color scores (average of 5.8). For 
cultivar L-80-62, the highest color score was obtained from 
chips made after 4 months storage of roots (8.5). Color
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
103
Table 1. Effect of cultivar and storage time on subjective
quality ratings1 of sweet potato chips.
Main effect2 Color Texture
(Crisp­
ness)
Flavor Oiliness Overall 
accept.
Cultivar
Centennial 5.97 b3 7.13 a 6.53 a 6.75 a 6.57 ab
Jewel 5.32 c 7.15 a 6.43 a 6.51 a 6.45 b
L-81-10 6.00 b 6.80 a 6.35 a 6.48 a 6.35 b
L-80-62 7.55 a 7.12 a 6.49 a 6.90 a 6.93 a
Storacre time
At harvest 7.14 a 7.50 a 6.14 be 7.00 a 6.76 a
After curing 6.45 b 7.34 a 6.34 abc 6.67 a 6.70 a
Cured and Stored
2 months 5.57 c 6.93 a 6.47 abc 6.45 a 6.47 a
4 months 6.29 b 6.76 a 6.07 c 6.41 a 6.37 a
6 months 6.12 b 6.90 a 6.73 ab 6.91 a 6.72 a
8 months 6.07 b 7.05 a 6.79 a 6.67 a 6.52 a
1 Mean score of 18 panelists on a scale of 9'=best to
l=poor.
2 Means of each of the main effects are averages of data of 
all other variables.
3 Means within main effects and columns separated by 
Duncan's multiple range test, 5% level.
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Table 2. Interaction of cultivars x storage times on
Subjective color scores of sweet potato chips1.
Subjective color scored
(months) Centennial Jewel L-81-10 L-80--62
At harvest 6.89 a3 6.44 a 7.83 a 7.39 be
After curing 6.03 
Cured and Stored
a 5.53 ab 6.19 b 8.06 ab
2 months 4.33 b 4.40 c 6.27 b 7.27 c
4 months 6.44 a 4.97 be 5.25 b 8.50 a
6 months 6.56 a 5.69 ab 5.59 b 6.62 c
8 months 5.88 a 5.32 be 5.71 b 7.35 be
1 Means of cultivar x storage time are averages of data of 
all other variables.
2 Mean score of 18 panelists, on a scale of 9 = best to 
1 = poor.
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 1 Subjective color scores of sweet potato chips made 
from four cultivars at harvest, after curing, and after 2, 
4, 6, and 8 months storage.
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scores of the 2 and 6 months storage time (7.3 and 6.6, 
respectively) were significantly lower when compared to 
chips made from roots stored 4 months.
Beta-carotene contents (Table 3 and Fig. 2) were 
significantly affected by cultivars and storage times 
(p<0.001). Beta-carotene of chips made from Centennial was 
higher than in chips made from Jewel, L-81-10, or L-80-62. 
Beta-carotene levels of the chips made from Centennial at 
2, 4, and 6 months storage were significantly higher than 
those of chips made after harvest and after 8 months 
storage roots. Beta-carotene of chips made from Jewel at 
harvest was 14.41 mg/100 g which was significantly higher 
than those made from 4, 6, and 8 months storage (12.05, 
11.71, and 11.36 mg/100 g chip respectively). At 4 months 
storage L-81-10 produced chips with approximately 30% more 
B-carotene than chips from roots stored at all other times. 
For L-80-62, B-carotene was significantly higher in chips 
made from 4 and 6 months storage roots, followed by chips 
made at harvest, 2, and 8 months roots with the lowest 
level (14.58 mg/lOOg chip) from the cured roots.
Therefore, from each storage time B-carotene levels 
were in order of Centennial, L-81-10, L-80-62 Jewel.
However, B-carotene had little influence on subjective 
color scores (Table 2 and Fig. 1). For instance, chips 
made from L-80-62 roots stored for 4 and 6 months had the 
highest B-carotene content (average 22 mg/100 g chips). As 
can be seen in Table 2 and Fig. 1, the color scores of L-
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Table 3. Interaction of cultivars x storage times on
6-carotene contents of sweet potato chips1.
Storage time 6-■carotenei fma/lOOo chins)2.
(months) Centennial Jewel L-81-:10 L-80-i62
At harvest 17.51 c3 14.41 a 15.57 b 18.63 b
After curing 21.80 be 12.24 ab 18.46 b 14.58 c
Cured and Stored 
2 months 27.95 a 12.93 ab 18.70 b 16.74 b
4 months 24.70 ab 12.05 b 24.31 a 21.90 a
6 months 24.84 ab 11.71 b 15.65 b 21.88 a
8 months 18.18 c 11.36 b 16.98 b 17.30 b
1 Means of cultivar x storage time are averages of data of
all other variables.
2 Means of 3 samples.
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 2 Beta-carotene contents of sweet potato chips made 
from four cultivars at harvest, after curing, and after 2, 
4, 6, and 8 months storage.
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80-62 at 4 months were the highest (8.5) and at 6 months 
the lowest (6.5). This supported the results of 
Vaisayanunt and Wilson (1987) that there was poor 
correlation between subjective color scores and B-carotene 
(r=0.11/ p>0.05).
In Table 4 and Fig. 3 can be seen the relationship 
between fructose contents of the raw roots among the 4 
cultivars and storage times (p<0.001). Generally, fructose 
contents of L-81-10 were higher than L-80-62, Jewel, and 
Centennial. At harvest, Centennial had the lowest amount 
of this sugar (0.26 g/100 g dry wt.) but the fructose 
content rose with continued storage. There seems to be an 
inverse relationship between fructose content (Table 4 and 
Fig. 3) and subjective color scores (Table 2 and Fig. 1). 
For Centennial, Jewel, and L-80-62, higher fructose content 
in raw roots corresponded to low color scores for the same 
time period. The lowest fructose content corresponded to 
the highest subjective color score. For example roots of 
L-80-62 had high fructose contents at 2 and 6 month storage 
(6.18 and 5.46 g/100 g D.W.) and the chips received low 
subjective color scores (7.3 and 6.6). After curing and 
after 4 month storage roots of this cultivar had low 
fructose contents (3.38 and 3.2 g) and the chips received 
high color scores (8.1 and 8.5). The discoloration of 
chips may have been due to the Mail lard reaction as 
suggested by many former workers (Olorunda and Kitson, 
1977; Hannigan, 1979; Walter and Hoover, 1984; Picha,
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Table 4. Interaction of cultivars x storage times on 
fructose contents of raw sweet potato roots1.
Storage time Fructose Ifa/100a Drv weiaht) 2
(months) Centennial Jewel L-81-10 L-80-■62
At harvest 0.26 e3 0.29 d 1.11 c 0.74 c
After curing 0.63 
Cured and Stored
d 1.73 c 11.71 a 3.38 b
2 months 1.07 c 3.99 b 8.07 b 6.18 a
4 months 1.44 b 4.49 a 7.38 b 3.20 b
6 months 1.74 a 4.08 ab 6.85 b 5.46 ab
8 months 1.67 a 4.22 ab 6.48 b 4.35 ab
1 Means of cultivar x storage time are averages of data of 
all other variables.
2 Mean of 4 determinations (6 different roots were used for 
each determination).
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 3 Fructose contents of 4 raw sweet potato cultivars




Interestingly, L-81-10 had the highest fructose 
content (Table 4 and Fig. 3) . However, this was not 
significantly related to subjective color scores. The 
fructose content decreased about 45% from 11.71 g/lOOg D.W. 
(after curing) to 6.5 (8 month storage) but the resulting 
chips were not significantly different in subjective color 
scores as shown in Table 2 and Fig. 1. This might be 
attributed to lower amino acids or protein contents of this 
cultivar which would effect the browning reaction.
In a similar manner to fructose, glucose contents of 
roots (Table 5 and Fig. 4 ) also had significant influence 
on chip made from these sweet potato cultivars at all 
storage times (p<0.001). Glucose contents of all cultivars 
tended to rise with increased storage time. Coincidently, 
subjective color scores declined.
Cultivars and storage times had significant affects 
(p<0.001) on sucrose contents (Table 6 and Fig. 5). 
Centennial and Jewel contained sucrose below 21% while L-
81-10 and L-80-62 contained levels above 20%. At harvest, 
each cultivar contained the lowest percent sucrose. 
Significantly higher levels of sucrose were found in roots 
stored 8 month for Centennial and Jewel; however, L-81-10 
and L-80-62 roots contained significantly greater sucrose 
levels (34%) when stored between 4 to 8 months.
Within each cultivar, there seems to be an inverse 
relationship between sucrose (Table 6, and Fig 5) and
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Table 5. Interaction of cultivars x storage times on
glucose contents of raw sweet potato roots1 .
Storage time _____ % Glucose fq/lOOcr Dry weight)^__________
(months) Centennial Jewel L-81-10 L-80-62
At harvest 0.14 d3 0.40 c 0.12 d 0.00 d
After curing 0.30 
Cured and Stored
d 2.53 b 9.25 ab 1.71 c
2 months 0.85 c 4.82 a 7.78 c 5.64 a
4 months 1.41 b 5.19 a 7.31 c 3.02 be
6 months 1.48 b 5.13 a 8.45 be 4.35 ab
8 months 1.88 a 5.36 a 9.85 a 2.99 be
1 Means of cultivar x storage time are averages of data of 
all other variables.
2 Mean of 4 determinations (6 different roots were used for 
each determination).
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 4 Glucose contents of 4 raw sweet potato cultivars at
harvest, after curing, and after 2, 4, 6, and 8 months
storage.
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Table 6. Interaction of cultivars x storage times on
sucrose contents of raw sweet potato roots1.
Storage time ________Sucrose (cr/lOOq Dry weight)^-________
(months) Centennial Jewel L-81-10 L-80-62
At harvest 6.68 :f3 7.07 e 20.39 d 24.15 b
After curing 11.80 e 10.94 d 32.02 be 20.47 b
Cured and Stored
2 months 15.22 d 10.96 d 31.18 C 38.38 a
4 months 17.15 c 13.77 C 38.94 a 40.43 a
6 months 18.68 b 15.86 b 36.04 ab 47.07 a
8 months 20.99 a 17.60 a 34.87 abc 43.49 a
1 Means of cultivar X storage time are averages of data of
all other variables.
2 Mean of 4 determinations (6 different roots were used for 
each determination).
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 5 Sucrose contents of 4 raw sweet potato cultivars at
harvest, after curing, and after 2, 4, 6, and 8 months
storage.
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subjective color scores (Table 2 and Fig. 1). Overall 
sucrose levels of all cultivars do not seem to be as 
dominant a factor in color scores as fructose (Table 4 and 
Fig. 3) and glucose contents (Table 5 and Fig. 4). This 
might be expected because sucrose is not a reducing sugar.
Total sugar (Table 7 and Fig. 6) by HPLC in this study 
consisted of the summation of fructose, glucose, and 
sucrose contents. It was significantly influenced by 
cultivars and storage times (p<0.001). Since sucrose was 
the predominant sugar in all cultivars at all storage 
times, the total sugar data mirrors the sucrose data.
Hunter color "L" values for cultivars and storage 
times are provided in Table 8 and Fig. 7. All cultivars 
and storage times showed significantly interaction 
(p<0.001) to "L" values. Chips made from L-80-62 resulted 
significantly higher "L" value indicated brighter yellow- 
orange color than chips made from all other cultivars with 
all other storage times. "L" values of 75.24, 74.59, and 
73.19 were found with chips made from roots after curing, 
after 2, and after 6 month storage, respectively. Roots 
after 4 months storage produced highest "L" values at 
harvest and after 8 months storage yielded significantly 
lower "L" values indicating darker yellow color. For Jewel 
and L-81-10, roots at harvest, after curing, and after 2 
months storage resulted in higher "L" values. For 
Centennial, "L" values after curing, 2, and 4 months 
storage were significantly higher than after 6, and 8 month
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Table 7. Interaction of cultivars x storage times on
total sugar contents of raw sweet potato roots1.
Storage time 
(Months)
Total sucrar (cr/lOOa Drv weicrht}^.
Centennial Jewel L-81-10 L-80-62
At harvest 7.08 f3 7.75 f 21.62 C 24.88 b
After curing 12.74 e 15.21 e 52.99 a 22.74 b
Cured and Stored
2 months 17.13 d 19.77 d 47.03 b 50.19 a
4 months 20.00 c 23.45 c 53.62 a 46.66 a
6 months 21.89 b 25.07 b 51.35 ab 56.85 a
8 months 24.54 a 27.17 a 51.18 ab 50.83 a
1 Means of cultivar x storage time are averages of data of 
all other variables.
2 Mean of 4 determinations (6 different roots were used for 
each determination).
3 Means separated in columns by Duncan’s Multiple Range 
Test, 5% level.
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Fig. 6 Total sugar contents of 4 raw sweet 





Table 8. Interaction of cultivars x storage times on
Hunter color "L" values of sweet potato chips1.
Storage time __________ Hunter color 11L11 valued__________
(months) Centennial Jewel L-81-10 L-80-62
At harvest 65.85 e3 64.63 a 68.59 a 69.95 e
After curing 71.63 
Cured and Stored
a 64.26 ab 66.50 c 75.24 b
2 months 69.56 c 64.06 ab 68.04 b 74.59 c
4 months 70.47 b 60.18 d 64.20 d 76.64 a
6 months 68.93 d 63.68 b 61.96 e 73.19 d
8 months 63.72 f 61.15 c 61.59 e 63.36 f
1 Means of cultivar X storage time are averages of data of
all other variables.
2 Means of 9 readings (using 3 samples with 3 readings per 
sample).
3 Means separated in columns by Duncan’s Multiple Range 
Test, 5% level.





































Fig. 7 Hunter color "L" values of sweet potato chips made
from four cultivars at harvest, after curing, and after 2,
4, 6, and 8 months storage.
1 22
storage.
The Hunter color "a" values significantly dependent 
upon the interaction between cultivars and storage times 
(p<0.001) as shown in Table 9 and Fig. 8. For L-80-62, the 
lower color "a" value (indicating a brighter yellow-orange 
color) was found in chips made after 2, and 4 months 
storage while the highest value (indicating the darker 
yellow-orange color) was found at 8 months. For 
Centennial, root stored for 2 months produced chips with a 
significantly higher "a" value of -6.02 (darker yellow- 
orange color) than did roots after curing, which produced 
chips with an "a" value of -12.66 (brighter yellow-orange 
color). For L-81-10, results were opposite from those 
found in Centennial. After curing, roots of L-81-10 
produced chips having a greater "a" value when compared to 
2 month stored roots. For Jewel, chips produced after 
curing and after 2 month storage had significantly higher 
"a" values (dark brown color) than chips from all other 
storage times.
Hunter "b" values were also significantly influenced 
by cultivars and storage times as presented in Table 10 and 
Fig. 9. Chips made from L-80-62 and Centennial cultivars 
produced the highest "b" values (indicated brighter yellow- 
orange color) after 4 month storage and the lowest "b" 
values (indicated darker yellow-orange color) after 8 month 
storage. The highest "b" values were obtained from chips 
made from L-81-10 and Jewel roots after 2 months and 6
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Table 9. Interaction of cultivars x storage times on
Hunter color "a" values of sweet potato chips1.
Storage time 
(months)
Hunter color "a11 value^-
Centennial Jewel L-81-10 L-80-62
At harvest -6.62 b 3 -6.81 d -8.09 d -10.76 b
After curing -12.66 f -3.65 a —3•58 a -10.64 b
Cured and Stored
2 months -6.02 a -3.77 a -10.00 e -14.21 d
4 months -11.91 e -5.55 b -7.26 C -13.96 d
6 months -9.77 d -7.74 e -5.57 b -11.23 c
8 months -7.18 C -6.02 C -5.42 b -5.28 a
1 Means of cultivar x storage time are averages of data of 
all other variables.
2 Means of 9 readings (using 3 samples with 3 readings per 
sample).
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 8 Hunter color "a" values of sweet potato chips made
from four cultivars at harvest, after curing, and after 2, >-*
4, 6, and 8 months storage. IS
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months storage, respectively. Chips from Jewel and L-81- 
10 had the lowest "b" value (dark brown color) when 
produced immediately after curing.
Hunter "L" values of chips made from L-80-62 (Table 8 
and Fig. 7) are positively correlated with subjective color 
scores found in Table 2 and Fig. 1. For instance, the 
higher "L" values of chips made from cured and 4 month 
stored roots resulted in higher subjective color scores for 
the same interval. This same trend (ie., higher "L" values 
and higher subjective colors scores) was noticed in chips 
made from L-81-10 at harvest and Jewel at harvest and after 
curing. With Centennial "L", values of chips produced 
after different storage times did not correspond to 
significantly different subjective color scores. This 
might be due to roots variation, or error in sampling 
technique in which chips presented to the panelists were 
different from chips used for the colorimeter analysis.
The relationship between Hunter color "a11 values 
(Table 9 and Fig. 8) and subjective color scores (Table 2 
and Fig. 1) can be demonstrated by examining L-80-62. The 
overall trend indicated that the higher the subjective 
color score the smaller the "a" value within a variety and 
storage time interval.
Hunter "b" values (Table 10 and Fig. 9) also indicated 
a significant interaction (p<0.001) between cultivars and 
storage times. This followed the same trend as "L" value
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Table 10. Interaction of cultivars x storage times on
Hunter color "b" values of sweet potato chips1.
Storage time  Hunter color "b" valued_________
 (months) Centennial Jewel L-81-10 L-80-62
At harvest 19.12 d3 13.40 b 18.71 c 22.71 d
After curing 24.99 b 8.99 e 11.38 e 20.16 e
Cured and Stored
2 months 19.49 d 11.20 d 22.02 a 25.93 c
4 months 25.76 a 11.96 c 20.17 b 30.53 a
6 months 23.84 c 15.99 a 16.45 d 26.64 b
8 months 17.78 e 13.51 b 16.39 d 17.64 f
1 Means of cultivar X storage time are averages of data of
all other variables.
2 Means of 9 readings (using 3 samples with 3 readings per 
sample).
3 Means separated in columns by Duncan's multiple range 
test, 5% level.

























































Fig. 9 Hunter color "b" values of sweet potato chips made
from four cultivars at harvest, after curing, and after 2,
4, 6, and 8 months storage.
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in that the higher "b" value resulted in brighter yellow- 
orange colored chips. This "b" value also showed the same 
correlation with subjective color in Table 2 and Fig. 1. 
For instance, the higher "b" value of chips made from L-80- 
62 with 4 month stored roots resulted in higher subjective 
color scores.
The Hunter color values of "L", "a", and "b" indicated 
in Table 8 and Fig. 7, Table 9 and Fig. 8, and Table 10 and 
Fig. 9, respectively are correlated to subjective color 
scores found in Table 2 and Fig. 1. For example, L-80-62 
had a higher subjective color score which was correlated 
with higher "L" and "b" values and lower "a" values. This 
same trend was found for all cultivars tested. This 
supported the results of Vaisayanunt and Wilson (1987) in 
that subjective color scores were significantly correlated 
with Hunter values "L" (r=0.68, p<0.001), "b» (r=0.66,
p<0.001), and "a" (r=-0.46, p<0.05).
The effects of cultivars and storage times on percent 
moisture of chips after frying are presented in Table 11 
and Fig. 10. After frying, percent moisture in chips 
varied between l and 2 percent; only 2 values were found 
outside of this range. For L-81-10, percent moisture 
greater than 2% was found at curing and 2 month. The 
lowest percent moisture (<1%) was found when chips were 
made from Centennial at 2 month storage time. Industry 
representatives and several authors recommend percent 
moisture of potato chips and snack food products not exceed
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Table 11. Interaction of cultivars x storage times on
moisture contents of sweet potato chips1.
Storacre time Moisture (%) after frvina —
(months) Centennial Jewel L-81-10 L-80--62
At harvest 1.02 d3 1.43 be 1.16 e 1.48 d
After curing 1.50 
Cured and Stored
b 1.29 c 2.28 b 1.74 b
2 months 0.82 e 1.99 a 2.53 a 1.29 e
4 months 1.75 a 1.30 c 1.89 C 1.89 a
6 months 1.33 be 1.54 b 1.49 d 1.67 c
8 months 1.25 c 1.03 d 1.44 d 1.75 b
1 Means of cultivar x storage time are averages of data of
all other variables.
2 Means of 3 samples.
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 10 Moisture contents of sweet potato chips made from
four cultivars at harvest, after curing, and after 2, 4, 6,
and 8 months storage.
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3% (Kaghan, 1969; Quast and Karel, 1972; Katz and Labuza, 
1981). Therefore, the percent moisture values indicated in 
this study did not have an influence on the texture quality 
rating as presented in Table 1. However, it must be 
noticed that the moisture level of the chips after frying 
had an inverse relationship to subjective texture 
(crispness) (r=-0.54, p<0.01).
Fat contents of the chips after frying for each 
cultivar and each storage time are presented in Table 12 
and Fig. 11. After 4 months storage, chips made from Jewel 
contained the highest fat content, (48.24% DB) . 
Conversely, L-81-10 produced chips with the lowest fat 
content (36.21) after 4 months storage. Centennial and L- 
80-62 displayed consistent fat contents in chips produced 
at all storage times. Fat contents varied by up to 8.4% 
and 9.49% for Jewel and L-81-10 when compared within the 
storage times interval. The fat content of the chips 
obtained in this study had no apparent affect on the 
panelists' ability to detect flavor and oiliness 
differences (Table 1) between cultivars and storage times.
R e p ro d u c e d  with p e rm iss ion  of th e  copyrigh t ow ner.  F u r th e r  rep roduction  prohibited without perm iss ion .
132
Table 12. Interaction of cultivars x storage times on
fat contents of sweet potato chips1.
Storage time __________ Fat (%DBf after frying^-__________
(months) Centennial Jewel L-81-10 L-80-62
At harvest 40.75 a3 40.48 de 42.67 b 39.88 C
After curing 38.51 
Cured and Stored
c 41.08 d 42.36 b 41.41 b
2 months 40.13 ab 42.89 c 41.63 b 43.44 a
4 months 39.32 be 48.24 a 36.21 c 38.69 d
6 months 39.48 be 39.84 e 45.70 a 37.69 e
8 months 38.75 c 46.50 b 42.65 b 43.46 a
1 Means of cultivar x storage time are averages of data of
all other variables.
2 Means of 3 samples.
3 Means separated in columns by Duncan's multiple range 
test, 5% level.
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Fig. 11 Fat contents of sweet potato chips made from four
cultivars at harvest, after curing, and after 2, 4, 6, and £
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SUMMARY
With all four cultivars, chips made at harvest time 
yielded the best subjective color rating. Subjective color 
scores were influenced by cultivars; L-80-62 had the 
preferred bright yellow-orange color followed by 
Centennial, L-81-10, and Jewel. L-80-62 produced the 
highest subjective color score after 4 months storage. 
From each storage time, 8-carotene of chips made from 
Centennial was higher than of those made from L-81-10, L- 
80-62, and Jewel, respectively. Beta-carotene levels of 
the chips made from Centennial after 2, 4, and 6 months 
storage were slightly higher than those made at harvest, 
after curing, and after 8 months storage. The major sugars 
in four raw sweet potato cultivars were sucrose, fructose, 
and glucose. There was an inverse relation between 
fructose or glucose content and subjective color scores; 
the lowest fructose or glucose content corresponded to the 
highest subjective color score. However, sucrose was not 
as important in determining final chip color as fructose or 
glucose. Chips made from L-80-62 produced the highest "L" 
and "b" and lowest "a" values after 4 months storage. 
Hunter color values correlated to subjective color, for 
instance, L-80-62 received the higher subjective color 
scores and higher "L" and "b" and lower "a" values. The 
lowest percent moisture (<1%) was found when chips were 
made from Centennial after 2 months storage. Percent
134
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moisture in chips after frying varied between 1-2%. 
Moisture content of chips in this study had no influence on 
subjective texture quality ratings. L-81-10 produced chips 
with the lowest fat content (36.21% DB) after frying while 
Jewel contained the highest fat contents (48.24% DB) after 
4 months storage.
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SUMMARY AND C O N C L U S IO N S
Roots of Jewel sweet potato cultivar were used to 
determine the optimum conditions for frying chips. The 
results showed that a higher frying temperature and shorter 
frying time produced brighter yellow-orange colored chips, 
higher subjective color scores, higher "L”, and "b” values, 
and lower "a" values. Subjective crispness of the chips 
was related to moisture content of the chips after frying 
and a higher frying temperature resulted in crisper chips. 
Frying temperatures of 155 and 160°C were found to produce 
the most desirable chips. Slice thickness affected frying 
time, with thicker pieces requiring longer frying times. 
However, based on overall quality ratings (subjective 
color, flavor, and overall acceptability and objective 
analysis of moisture content of chips after frying) a slice 
thickness of 1.5 mm was selected as optimal. Four oil 
types were used and soybean oil was selected for the next 
study.
The frying time of the chips in the deep-fat fryer was 
reduced sharply as dehydration time before frying 
increased. All dehydration treatments produced chips with 
a brighter yellow-orange color which received higher 
ratings from the panel, was higher in B-carotene and had 
more desirable in Hunter color readings (higher "L" and "b" 
and lower "a" values) than did the nondehydrated chips. 
Fat absorption during deep-fat frying was greatly
136
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influenced by the moisture content in the raw pieces which 
was related to the dehydration time. As moisture contents 
of the raw pieces decreased due to partial dehydration, 
there was a corresponding decline in the amount of fat 
absorbed. Therefore, in chip making, a dehydration 
temperature of 110°C for 15 min. is recommended.
The use of SAPP in blanch water significantly 
controlled discoloration in the sweet potato chips. 
Blanching with SAPP yielded brighter yellow-orange colored 
chips than untreated ones. These were indicated by higher 
subjective color scores, higher "L" and "b” and lower "a” 
values. It also appeared that SAPP treatment had an effect 
on reduction of oil content of the chips as measured by 
Soxhlet. From the results, the higher the concentration of 
SAPP used for blanching the less fat absorbed in the chips 
after frying. The optimum concentration for blanching was 
between 0.25-0.5% SAPP. Based on subjective color scores 
and Hunter color readings, blanching with 0.5% SAPP 
cpmbined with dehydration at temperature of 110°C for 15 
min. was recommended for chip making.
The use of Methocel to reduce oil penetration into the 
chips during deep-fat frying was unsuccessful. The results 
showed that the non-coated chips (SAPP blanched, 
dehydrated) had more desirable subjective color scores, 
better Hunter color readings (higher "L" and "b" lower "a") 
than those of coated and the control (unblanched, undried, 
and uncoated), respectively. This was due to the control
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
138
requiring a longer frying time than those of coated and 
non-coated chips. Due to the longer frying time required 
for the coated pieces, they tended to absorbed more oil.
Microwave finish drying produced chips with higher 
subjective color scores, higher B-corotene contents, and 
higher "L” and "b" and lower "a" values (indicating 
brighter yellow-orange color). For subjective crispness, 
chips that received a blanch-microwave treatment were 
nearly as crisp as the control. Moisture content of 
microwave processed chips was slightly higher than 
conventionally fried chips. The blanch-microwave chips 
contained the most fat after frying as measured by Soxhlet. 
Based on subjective evaluations (color, crispness) and 
objective analysis of fat content, the 2.5 min. deep-fat 
fried followed by 2 min. microwaved was considered the most 
desirable method of this study.
From the pooled data of all treatments, the subjective 
color scores for the chip did not correlate with carotene 
content, however, they are correlated with Hunter "L", "a”, 
and "b" value. Subjective crispness was correlated with 
objective crispness (by Instron) and inversely correlated 
with moisture content.
With all four cultivars, chips made at harvest time 
yielded the best subjective color rating. Subjective color 
scores were significantly influenced by cultivars; L-80-62 
had the preferred bright yellow-orange color followed by 
Centennial, L-81-10, and Jewel. L-80-62 at 4 months
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storage produced the highest subjective color score. From 
each storage time, B-carotene of chips made from Centennial 
was higher than of those made from L-81-10, L-80-62, and 
Jewel, respectively. Beta-carotene levels of the chips 
made from Centennial after 2, 4, and 6 months storage were 
slightly higher than those made at harvest, after curing, 
and after 8 months storage. The major sugars in four raw 
sweet potato cultivars were sucrose, fructose, and glucose. 
There was an inverse relation between fructose or glucose 
content and subjective color scores; the lowest fructose or 
glucose content corresponded to the highest subjective 
color score. However, sucrose is not as important in 
determining final chip color as fructose or glucose. Chips 
made from L-80-62 produced the highest "L" and "b" and 
lowest "a" value after 4 months storage. Hunter color 
values correlated to subjective color, for instance, L-80- 
62 received higher subjective color scores and higher "L" 
and "b" and lower "a" values. The lowest percent moisture 
(<1%) was found when chips were made from Centennial after 
2 months storage. Percent moisture in chips after frying 
varied between 1-2%. Moisture content of chips in this 
study had no influence on subjective texture quality 
ratings. For fat content of the chips after frying, L-81- 
10 produced chips with the lowest fat content (36.21% DB) 
while Jewel contained the highest fat contents (48.24% DB) 
after 4 months storage.
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N Color Texture Flavor Oiliness Overall
Acceptability
290 3.5 27 5.64 b 6.87 a 6.02 a 6.23 a 5.98 a
300 3.0 27 6.69 a 5.80 b 5.74 a 6.04 a 5.87 a
310 2.5 27 6.41 a 6.80 a 5.94 a 5.91 a 6.20 a
320 2.0 27 6.13 ab 6.87 a 6.11 a 6.07 a 6.28 a














Fat After Frvinc (%) 
WB DB
290 3.5 1.45 b 42.56 a 43.18 a
300 3.0 2.31 a 39.46 a 40.38 a
310 2.5 1.13 b 43.62 a 44.12 a
320 2.0 1.83 ab 39.22 a 39.95 a
1/ N = 3 replications (using 3 roots with 2 samples per replication
(root).
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Table 3. Effect of frying temperatures on B-carotene content and Hunter
color readings of sweet potato chips.
1/ 2/ 
Frying Frying Time B-Carotene Hunter Color Reading
Temperature (°F) (min) (mg/lOOg chips) L a b
290 3.5 17.22 a 77.74 a -17.29 a 23.88 a
300 3.0 20.62 a 82.50 a -20.52 b 29.03 a
310 2.5 16.27 a 83.54 a -22.69 b 29.11 a
320 2.0 18.53 a 81.72 a -23.09 b 28.94 a
1/ N = 3 replications (using 3 roots with 3 samples per replication 
(root).
2/ N = 3 replications (using 3 roots with 8 readings per replication
(root).



















N Color Texture Flavor Oiliness Overall
Acceptability
1.0 2.5 30 5.53 be 6.30 a 5.93 a 5.57 a 5.67 ab
1.5 2.5 30 7.07 a 6.10 a 6.07 a 6.40 a 6.10 a
2.0 3.5 30 6.33 ab 5.17 a 5.73 ab 6.00 a 5.18 ab
2.5 4.5 30 4.80 c 5.67 a 5.15 b 5.67 a 4.62 b














Fat After Frvim (%) 
WB DB
1.0 2.5 2.08 b 38.11 a 38.92 a
1.5 2.5 2.73 b 36.96 a 38.00 a
2.0 3.5 6.05 a 29.90 a 31.79 a
2.5 4.5 3.11 b 34.26 a 35.30 a
1/ N = 3 replications (using 3 roots with 2 samples per replication
(root).
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Table 6. Effect of slice thickness on B-carotene and Hunter color









Hunter Color Readina 
L a b
1.0 2.5 15.53 a 77.64 a -18.12 a 25.93 a
1.5 2.5 14.16 a 84.25 a -22.90 a 29.42 a
2.0 3.5 15.39 a 86.76 a -24.15 a 30.83 a
2.5 4.5 15.68 a 84.79 a -23.20 a 29.23 a
1/ N = 3 replications (using 3 roots with 3 sairples per replication
(root).
2/ N = 3 replications (using 3 roots with 8 readings per replication 
(root).
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N Color Texture Flavor Oiliness Overall
Acceptability
Com 30 5.43 b 6.27 a 6.27 a 6.10 a 6.00 a
Cottonseed 30 5.40 b 5.77 a 6.07 a 5.83 a 5.77 a
Peanut 30 5.40 b 6.77 a 6.67 a 6.33 a 6.42 a
Soybean 30 6.57 a 6.77 a 6.30 a 6.13 a 6.38 a
1/ N = The number of panelists with 3 repliactions (3 roots) with 10
taste panels per replication (root).
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Frying (%) WB DB
Com 2.61 a 43.31 a 44.45 a
Cottonseed 2.95 a 42.90 a 44.21 a
Peanut 2.48 a 41.33 a 42.38 a
Soybean 3.00 a 40.61 a 41.86 a
1/ N = 3 replications (using 3 roots with 2 samples per replication
(root).
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Table 9. Effect of oil type on B-carotene and Hunter color readings






Hunter Color Readira 
L a b
Com 12.39 c 79.09 a - 18.76 a 24.06 a
Cottonseed 15.75 a 76.61 a -17.24 a 25.76 a
Peanut 13.47 be 77.44 a -18.40 a 24.11 a
Soybean 13.94 b 81.57 a -20.18 a 28.19 a
1/ N = 3 replications (using 3 roots with 3 samples per replication
(root).
2/ N = 3 replications (using 3 roots with 8 readings per replication 
(root).




















(min) Color Texture Flavor Oiliness Overall
Acceptability
0 4.50 4.06 b 6.94 a 6.44 a 7.25 a 6.13 a
10 3.45 5.31 a 4.16 c 5.69 a 6.25 a 5.03 a
15 3.00 5.75 a 5.69 ab 5.56 a 6.50 a 6.09 a
20 2.50 5.38 a 5.34 b 5.56 a 6.56 a 6.00 a
25 2.00 4.94 ab 6.25 ab 5.81 a 6.69 a 5.94 a
30 1.50 5.00 a 5.69 ab 5.56 a 6.69 a 5.38 a
1/ The average of 5 frying batches.
2/ The number of panelists = 16.
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Table 11. Effect of dehydration times before frying on moisture and








% Fat After Frvina
Before Frying After Frying WB DB
0 4.50 76.36 a 1.34 d 38.25 a 38.90 a
10 3.45 54.49 b 2.93 a 34.43 b 35.46 b
15 3.00 47.24 be 1.36 d 34.60 b 35.07 b
20 2.50 42.31 cd 2.04 b 30.84 c 31.48 c
25 2.00 37.57 od 1.91 b 28.98 d 29.54 d
30 1.50 33.99 d 1.71 c 28.80 d 29.30 d
1/ The average of 3 samples.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
162
Table 12. Effect of dehydration tines before frying on B-carotene









Hunter Color Readina 
L a b
0 4.50 23.52 c 60.61 e -5.67 a 17.25 e
10 3.45 26.14 be 70.41 b ■-11.95 d 25.86 b
15 3.00 27.57 b 61.59 d -6.67 b 19.25 d
20 2.50 27.32 b 59.98 e -5.93 a 17.21 e
25 2.00 30.72 a 64.65 c. -8.32 c 21.59 c
30 1.50 28.06 ab 72.39 a ■-13.46 e 28.93 a
1/ The average of 3 samples.
2/ The average of 9 readings (using 3 dishes with 3 readings per dish).



















w/o SAPP (%) (min) Color Texture Flavor Oiliness Overall
Acceptability
Control
(w/o blanch and SAPP) 4.50 4.47 d 6.77 a 6.41 a 6.65 a 5.97 a
Blanch w/o SAPP 
+ dehydration 2.75 6.59 c 7.24 a 6.10 a 6.15 a 6.63 a
0.25 2.0 7.12 abc 6.77 a 6.65 a 7.18 a 7.00 a
0.50 2.25 7.77 a 6.71 a 6 • 88 a 6.71 a 6.85 a
0.75 2.25 7.59 ab 7.00 a 6.65 a 7.00 a 7.09 a
1.00 2.50 7.29 abc 7.18 a 6.77 a 7.18 a 7.06 a
1.25 2.50 6.65 c 6.59 a 6.65 a 6 • 88 a 6.88 a
1.50 2.50 6.82 be 6.29 a 6.41 a 6.77 a 6.38 a
1/ The average of 5 frying batches.
2/ The number of panelists = 17.
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Table 14. Effect of blanching with and without SAPP concentrations on
moisture and fat contents of sweet potato chips.
—  I/
Blanching w/ and Frying Time Moisture After _Fat After Frying (%)_ 
w/o SAPP (%) (min) Frying (%) WB DB
Control
(w/o blanch and SAPP) 4.50 2.75 a 38.27 a 39.35 a
Blanch w/o SAPP + 
dehydration 2.75 1.55 e 35.89 b 36.46 c
0.25 2.00 2.80 a 32.50 d 33.43 e
0.50 2.25 2.29 c 37.33 a 38.20 b
0.75 2.25 2.41 be 35.13 be 35.99 cd
1.00 2.50 1.99 d 34.53 c 35.23 d
1.25 2.50 2.54 b 29.61 e 30.39 f
1.50 2.50 2.74 a 30.37 e 31.22 f
1/ The average of 3 samples.
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Table 15. Effect of blanching with and without SAPP concentrations on
B-carotene content and Hunter color readings of sweet potato
chips.
_  _
Blanching w/ and Frying Time B-Carotene Hunter Color Reading
w/o SAPP (%) (min) (mg/lOOg chips)1 L a b
Control
(w/o blanch and SAPP) 4.50 28.34 a 64.41 f -7.97 a 20.11 e
Blanch w/o SAPP +
dehydration 2.75 24.39 a 69.23 C -9.05 c 23.88 c
0.25 2.00 28.78 a 70.55 b -10.05 e 26.72 a
0.50 2.25 26.06 a 71.51 a -9.28 c 26.50 a
0.75 2.25 26.24 a 67.85 d -8.24 a 22.93 d
1.00 2.50 26.82 a 70.76 b -9.56 d 25.53 b
1.25 2.50 24.49 a 68.31 d -7.95 a 23.13 d
1.50 2.50 26.84 a 67.28 e -8.69 b 23.23 d
1/ The average of 3 samples.
2/ The average of 9 readings (using 3 dishes with 3 readings per dish).
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coating) 4.50 4.71 c 7.18 a 6.45 a 6.44 a 6.22 a
1
(blanch w/
0.5% SAPP + 
dehy.) 3.00 6.94 a 6.82 a 6.24 a 6.32 a 6 • 22 a
2
(+ Meth A) 4.19 5.53 be 6.59 a 6.10 a 5.29 a 5.89 a
3
(+ Meth K) 3.80 6.06 b 6.27 a 5.53 a 5.88 a 5.90 a
1/ The average of 5 frying batches.
2/ The number of panelists = 17.
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coating) 4.50 1.58 b 38.40 c 39.01 d
1
(blanch w/ 
0.5% SAPP + 
dehy.) 3.00 1.97 a 40.33 b 41.14 c
2
(+ Meth A) 4.19 1.94 a 45.06 a 45.95 a
3
(+ Meth K) 3.80 1.56 b 44.41 a 45.11 b
1/ The average of 3 samples.
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Table 18. Effect of Methocel coatings on B-carotene content and
Hunter color readings of sweet potato chips.
1/ 2/
Methocel Frying Time B-Carotene  Hunter Color Reading








dehy.) 3.0 23.45 a 70.30 a -9.81 d 23.77 a
2
(+ Meth A) 4.19 24.00a 68.64b -9.35c 23.45a
3
(+ Meth K) 3.80 26.95 a 68.11 c -8.39 b 22.67 b
1/ The average of 3 samples.
2/ The average of 9 readings (using 3 dishes with 3 readings per dish)
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1 Control (without blanching and SAPP) 4.5 0
2 Slices (without blanching and SAPP) 3.0 1.0
3 Slices (without blanching and SAPP) 2.0 2.0
4 Slices (without blanching and SAPP) 2.0 2.5
5 Slices (blanching without SAPP) 3.0 0.5
6 Slices (blanching without SAPP) 2.0 2.0
7 Slices (blanching with 0.5% SAPP) 3.0 1.0
8 Slices (blanching with 0.5% SAPP) 2.5 2.0






















Color Texture Flavor Oiliness Overall
Acceptability
4.5 0 4.84 e 7.74 a 7.12 a 6.63 a 6.53 a
3.0 1.0 6.37 d 5.84 bod 6.42 ab 6.23 a 6.40 a
2.0 2.0 6.37 d 4.90 d 5.74 be 6.07 a 5.73 a
2.0 2.5 6.68 bod 5.23 od 5.86 be 6.11 a 5.89 a
3.0 0.5 6.47 od 6.82 ab 6.68 ab 6.58 a 6.28 a
2.0 2.0 8.42 a 3.68 e 4.90 c 5.53 a 4.71 b
3.0 1.0 7.32 be 6.79 ab 6.82 ab 6.47 a 6.73 a
2.5 2.0 7.47 b 6.12 be 6.61 ab 6.37 a 6.61 a
1/ The average of 4 processing batches.
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Table. 21. Effect of microwave processing after frying on moisture and





Fat After Frvina (%)
(min) Heating Time 
(min)
Frying (%) WB DB
4.5 0 1.28 g 36.63 d 37.10 e
3.0 1.0 1.76 f 37.36 d 38.02 d
2.0 2.0 2.80 c 32.44 e 33.38 f
2.0 2.5 4.70 a 31.64 e 33.20 f
3.0 0.5 2.44 d 39.71 b 40.70 b
2.0 2.0 3.57 b 40.02 b 41.50 b
3.0 1.0 2.03 e 41.98 a 42.85 a
2.5 2.0 2.67 c 38.43 c 39.48 c
1/ The average of 3 samples.
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Table 22. Effect of microwave processing after frying on B-carotene








Hunter Color Reading 
L a b
4.5 0 18.57 d 66.56 f -8.46 a 19.31 f
3.0 1.0 22.72 be 70.36 e -10.81 b 24.05 e
2.0 2.0 25.60 abc 71.42 d -11.54 c 24.52 d
2.0 2.5 26.36 ab 74.79 ab -11.95 d 27.02 c
3.0 0.5 23.16 be 74.78 ab -13.27 g 28.78 a
2.0 2.0 28.97 a 75.20 a -12.91 f 28.10 b
3.0 1.0 22.43 c 74.51 b -12.08 d 28.14 b
2.5 2.0 25.97 abc 74.07 c -12.30 e 28.08 b
1/ The average of 3 samples.
2/ The average of 9 readings (losing 3 dishes with 3 readings per dish).
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Table 23. Effect of cultivar and storage time on 6-
carotene, moisture, and fat contents of sweet
potato chips1.
Main effect2 B-carotene Moisture after Fat after
(mg/lOOg chips) frying (%) frying (%)
Cultivar
Centennial 22.50 a3 1.28 d 39.49 d
Jewel 12.45 C 1.43 c 43.17 a
L-81-10 18.28 b 1.80 a 41.87 b
L-80-62 18.50 b 1.64 b 40.76 c
Storacre time 
At harvest 16.53 c 1.27 d 40.95 c
After curing 16.77 c 1.70 a 40.84 c
2 months st. 19.08 b 1.66 a 42.03 b
4 months st. 20.74 a 1.71 a 40.62 c
6 months st. 18.52 b 1.51 b 40.68 c
8 months st. 15.96 c 1.37 c 42.84 a
1 Means of 3 samples. .
2 Means of each of the main effects are averages of data of 
all other variables.
3 Means within main effects and columns separated by 
Duncan's multiple range test, 5% level.
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Table 24. Effect of cultivar and storage time on Hunter
color reading values of sweet potato chips.
Main effect2 Hunter color readinasi
L a b
Cultivar
Centennial 68.36 b3 -9.03 C 21.83 b
Jewel 62.99 d -5.59 a 12.51 d
L-81-10 65.15 C -6.66 b 17.52 c
L-80-62 72.16 a -11.01 d 23.94 a
Storacre time
At harvest 67.25 d -8.07 c 18.49 d
After curing 69.41 a -7.63 b 16.38 e
2 months st. 69.06 b -8.50 d 19.66 c
4 months st. 67.87 C -9.67 e 22.11 a
6 months st. 66.94 e -8.58 d 20.73 b
8 months st. 62.45 f -5.98 a 16.33 e
1 Mean of 9 readings (using 3 samples with 3 readings per 
sample).
2 Means of each of the main effects are averages of data of 
all other variables.
3 Means within main effects and columns separated by 
Duncan's multiple range test, 5% level.
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Table 25. Effect of cultivar and storage time to sugar
contents of raw sweet potato roots.
Main effect2 % Sucrar (cr/100a Drv weiahtt 1
Fructose Glucose Sucrose Total sugar
Cultivar
Centennial 1.14 d3 1.01 d 15.09 c 17.23 d
Jewel 3.13 c 3.91 b 12.70 d 19.74 c
L-81-10 6.94 a 7.13 a 32.24 b 46.30 a
L-80-62 3.91 b 3.00 c 36.33 a 42.86 b
Storacre time
At harvest 0.60 b 0.17 d 14.57 d 15.33 d
After curing 4.43 a 3.57 C 18.70 c 26.13 c
2 months st. 4.83 a 4.77 a 21.93 b 33.53 b
4 months st. 4.13 a 4.23 b 27.57 a 35.93 ab
6 months st. 4.54 a 4.85 a 29.41 a 38.79 a
8 months st. 4.18 a 5.02 a 29.24 a 38.43 a
1 Mean of 4 determinations (6 different roots were used for 
each determination.
2 Means of each of the main effects are averages of data of 
all other variables.
3 Means within main effects and columns separated by 
Duncan's multiple range test, 5% level.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
V I T A
Napasri A. Vaisayanunt was born in Ayuthaya, Thailand, 
in 1951. She graduated from Saipunya and Satri- 
Suntiratbumroonge Highschool, Bangkok Thailand, in 1966. 
Her college work started at the Faculty of Agriculture at 
Kasetsart University, Bangkok where she received her 
Bachelor of Science from the Department of Food Science and 
Technology in 1970. she persued her studies at Utah State 
University and received her M.S. degree in 1974. During 
1975-1983, she was appointed as an instructor at the 
Department of Food Science and Technology, Faculty of Agro- 
Industry, Kasetsart University, Bangkok, Thailand. In June 
1984, she enrolled in the Food Science Department at 
Louisiana State University where she is at present a 
candidate for the Doctor of Philosophy degree.
176
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
DOCTORAL EXAMINATION AND DISSERTATION REPORT
Candidate: N a p a s r i  A usavanodo V a isa y a n u n t
Major Field: Food S c ie n c e
Title of Dissertation: E v a lu a t io n  o f  P ro c e s s in g  T ech n iq u es f o r  Sweet P o ta to  C hips
Approved:
Major Professor and Chairman
l.ttL — -- 
iuat^ SchoolD e a n  of the Graduati
EXAMINING COMMITTEE:
CijdL. \ j ,  6^ - cLa'.
 ^ ^  df ----
0
Date of Examination:
November 30 , 1987
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
